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Kindergarten 


Units P and R 


Concept of sets: P13-—14 

Comparisons of sizes: P1—8, P11-12, P15 
Similarities and differences: P17-32 
Patterns: P9—-10, P16 

Maze: P32 


More than and less than concept: 
P33-37, P43-47 

Matching, one-to-one correspondence: 
P37-42 

Numerals and numbers 0 to 10: 
R1-7, R11-12, R17-32 

Recognition of number of a set: 
R8-10, R13-16, R37-38 


Addition combinations 1 to 10 (intuitive): 
R32-36, R39-44 

Subtraction related to sums of 10 or less 
(intuitive): R45-46 

Order of numbers 1 to 10: R48 


Recognition of simple shapes: 
P17, P27, P28, P30, P48 





Book One 


Units a, b, c, and d 


Comparing sets: a1-9 

Equivalent sets: a5-8 

Cardinal number of a set: a13-14 

Empty set: a19 

Union of sets and addition: 
b1-13, b25-32, b41 

Sets and subtraction: b15—23, b33-37, b45 

Sets of ten: c1-4 

Skip counting: d54, d62 

Logic: a59-60, d42 

Patterns: c14 


Introducing ten: c1-—4 

Grouping by tens: c5-13 

Counting to 99: c15—26, d44 

One more than: a9, a27, 29, 31, 33, 35 
Greater than and less than: a41—49, d55—61 
Numeral writing: a15—23, a27—36 


Addition and subtraction facts, sums through 
9: b1-51, c35-45 

Zero principle for addition: b9 

Inverse relation (+ and —): e57-60, d49-52 

Missing addends: c53—56, d45-53 

Sums of ten: d1-11 

Addition and subtraction facts, sums greater 
than 10: d13-23, d35-43 

Commutative (order) principle: d41, d51 


Introduction to fractions, >, 3 , and 
7 125-33 


Solving money picture stories: c47-51 
Discussions: a2, 14, 26, 42; b2, 16, 26, 40; 

C16, 36, 46, 54; d2, 14, 26, 46, 56 
Picture story for zero: a20 


Skip counting sequences: d54 
Skip counting even numbers: d62 


Concept of length: b53—57 
Centimetres: b57--61 

Length of paths: b62, d34 
Readiness for area concepts: c62 
Readiness for volume concepts: d24 


Number line: a47; 641, 21, 29, 35, 43, 47; 
d5, 19-22, 48, 54 

Recognition of basic shapes: a12, a50-54 

Open and closed curves: a55 

Segments and paths: a57 

Same size figures: a59-61 

Symmetry: d25 


Telling time: ¢27-33 
Money: 45-51 


Let's have fun: a12, 24, 40, 50, 62;b14, 24, 38, . 
52, 62; c14, 26, 34, 44, 52, 62; d12, 24, 34, 


44, 54, 62 


[Continued on inside back covd 


Book Two 


Units e, f,g, and h 





Cardinal number of a set: e1-7 
Maze: e40, g22 
Sets and addition: e43 
Sets and subtraction: e47 
Counting sequences: e15, 62; £36; 
g6, 11, 13; h38 
Informal logic: e52, 57; f55; 
g12, 34, 37; h20, 50 
Patterns: f10 
Attribute pieces: g23 
Puzzle problems: g34, g62, h8& 
Multiplication and sets: g50-52, g55, g57 


Numeral writing: e3 

2- and 3-digit numerals: e7—11, 13-18, g1—1k 
Counting to 99: e13-17, h62 u 
Greater than and less than: e17—23, g12 
Roman numerals: e32-39 

Expanded notation: f49, g16—17 

Regrouping: h33, h41-44, hS52-56 

Fraction numerals: h21—29 


Addition and subtraction facts, sums of 
10 or less: e41-51, e59 

Missing addends: e53-61 

Inverse relation (+ and —): e57—58, h13-14 

Basic principles: f1-9 

Addition and subtraction facts, sums to 
18: f11-35, g35-47, h1-19 

Addition and subtraction without 
regrouping: f47-61, 915-21 

Addition and subtraction with 
regrouping: h31-61 


Multiplication concepts: g49-61 


Halves, thirds, and fourths: h21-29 


Money problems: e25-31, g14 

Addition and subtraction problems: e60; {22 
32, 34, 54, 60; g20, 46, 60; h16, 18, 45, 58, 60 

Multiplication problems: g59-60 

Addition and subtraction problems with 
regrouping: h45, h58, h60 

Discussions: e2, 26, 42; f48 


Introductory concepts leading to 
regrouping: h31, h39 


Odd and even numbers: e12 
Skip counting: e62, f36, h38 
Nomograph addition: f24 
Square numbers: f62 


Time: e33-—39 
Centimetres: f37—40 
Perimeter: f41—42 
Area: f43-—44 

Litres: f46 

Volume: g48 


Number line: e6, 46, 49; 112, 16, 21, 29: 
954, 58; h35 

Triangles, squares, rectangles, 
circles: g23-26 

Segments: g27-28 

Congruence: g28-30 

Similarity: g31-32 

Graphing: h48 


Time: e33-39 

Roman numerals: e32-39 

Money: e25-31, 914 

Magic squares: h8 

Let's have fun: e12, 24, 32, 40, 52, 62; 
110, 24, 36, 46, 62; g14, 22, 34, 48, 62; 
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Foreword 


The Investigating School Mathe- 
matics series co-ordinates the precise 
concepts of modern mathematics 
with an approach that stimulates the 
child to actively participate in his 
own learning experiences. The series 
provides for the necessary mastery of 
basic number skills, and presents the 
material in a way that emphasizes the 
exciting, creative nature of mathe- 
matics. As the child becomes in- 
volved in exciting explorations and 
investigations, the structure and 
beauty of mathematics unfolds. The 
children are encouraged to investi- 
gate and discover ideas for them- 
selves, to look for interesting patterns 
and relationships, and to develop 
their own generalizations. New and 
fascinating topics are explored not 
solely for their mathematical value, 
but also because they stimulate 
interest and motivate children to 
put forth their best efforts. 

In our view, the development of a 
sound mathematical structure need 
not be hindered by an exciting, 
activity-oriented approach. Rather, 
the activity approach can and should 
reinforce the child’s: experiences as 
he investigates mathematical topics 
in an orderly, structured fashion. The 
same, sound mathematical structure 
that was called “modern” in the 
1960’s is present in Jnvestigating 
School Mathematics. The important 
difference in this new series lies in its 
approach. The child learns through 
continual active participation in ac- 
tivities and investigations that lead 
to the discovery of each new idea. 

As each new concept unfolds, 
the child is given an opportunity 


to investigate the ideas by using 
a wide variety of manipulative ma- 
terials and activities. Then, through 
guided discussion, he is led to a 
deeper understanding of the ideas 
and their relation to the overall 
structure of mathematics. Following 
the investigation and discussion, he is 
provided with sufficient problem- 
solving practice to develop speed 
and accuracy. 

The Investigating School Mathe- 
matics series is unprecedented in 
its careful provision for individual 
differences. Throughout each text, 
the child is challenged to do what 
he can do, not what someone else 
thinks he can do. Each child has 
the opportunity to experience in- 
dividual success in an environment 
that stresses co-operation and com- 
munication rather than competition. 
This careful provision for individual 
differences makes the J/nvestigating 
School Mathematics series unusually 
adaptable to such diverse teaching 
situations as ungraded schools, indi- 
vidual or small-group instruction, or 
whole-class instruction. 

The essence of the J/nvestigating 
School Mathematics series 1s re- 
flected in the beliefs to which we 
are committed: that there are funda- 
mental mathematical concepts which 
can be isolated and set forth with 
sharpness and clarity; that these 
concepts, when truly understood, 
provide powerful tools for extending 
knowledge; that children of every 
level should be encouraged to 
actively participate, to think, to 
question, and to seek understanding; 
that, although a certain body of 


knowledge must be passed on to 
each generation from __ preceding 
generations, the individual creativity 
of each new generation must not be 
stifled by pedagogy which forces 
upon its pupils patterns of thought 
which have served us well in the past 
but which may be inadequate for 
the future. 

Mathematics can be successfully 
taught in this spirit. At every stage 
in the learning of mathematics the 
discovery of new relationships can 
be a delight. It is in this spirit that 
Investigating School Mathematics has 
been written. 

The authors wish to express their 
appreciation to Ball State University 
and to the Educational Research 
Council of Greater Cleveland, where 
many of the ideas were generated and 
tested for the Elementary School 
Mathematics series, which served as 
a forerunner of Investigating School 
Mathematics ; to Edith Biggs and the 
Nufheld Project in England, for their 
leadership in bringing the activity- 
oriented laboratory approach into 
prominence; to Mrs. Nancy Hilde- 
brand, whose contributions to the 
teachers’ manuals for Elementary 
School Mathematics are still re- 
flected in this manual; to Theresa 
Burke, who assisted inthe prepa- 
ration of this manual by bringing. 
from a wealth of classroom ex- 
perience, many of the activities and 
teaching suggestions found in each 
lesson; and finally, to the many 
teachers and children who have 
proved that studying mathematics 
can be an exciting and stimulating 
experience in the elementary school. 
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The Book 5 Program 


Mathematics 
of the 
Book 5 Program 


Before using Book 5 of this series 
in the classroom, you are urged to 
take the time to study A Text for 
Teachers, which comprises the last 
section of this Teachers’ Edition. A 
careful study of this material will 
help you gain a better understand- 
ing and appreciation of the philos- 
ophy and the teaching strategy that 
underlie the mathematics of the 
Investigating School Mathematics 
program. 

All of the important mathemat- 
ical concepts that were covered in 
Book 4 of the series are reviewed, 
expanded, and reinforced in the 
Book 5 program. 

In structuring Book 5, we have 
assumed that the children know ad- 
dition and subtraciion facts through 
18 and multiplication and related 
division facts through 81. The chil- 
dren should also be able to handle 
effectively addition and subtraction 
with regrouping and should have 
some skill in finding products in- 
volving two-digit factors and in 
working long division with two-digit 
divisors. Although the preceding 
ideas are reviewed thoroughly, the 
review is brief. The following major 
ideas are introduced or expanded 
in Book 5. 

Sets and logic: quantifiers (all, 
none, some); attribute cards; geo- 
metric and number patterns 

Whole-number concepts: exten- 
sion of the multiplication algorithm 
to three- and four-digit numbers; 
extension of long division to two- 
and three-digit divisors using the 
traditional division algorithm; esti- 
mation of products and quotients; 
place value through fifteen places; 
other numeration systems; aver- 
ages; shortcuts for computing 

Fractional-number concepts: 
equivalent fractions; lowest-terms 
fractions; inequalities; ratio and 
scale drawing; basic principles for 
addition and multiplication of frac- 
tional numbers; decimals; money 


vi 


and metric units; multiplication and 
division of fractional numbers 

Number theory: prime factors; 
union and intersection of sets; 
greatest common factor; least com- 
mon multiple 

Geometry and measurement: 
points, rays, lines; congruent seg- 
ments, angles, and triangles; mea- 
sure of segments and angles; paral- 
lel and perpendicular lines; area 
and perimeter of polygons; symme- 
try; space figures; front, top, and 
side views of space figures; surface 
area and volume; co-ordinate geom- 
etry; graphing functions; rotations, 
enlargements, tessellations 

Positive and negative whole num- 
bers; on the number line; in graphing 
functions 

Modular arithmetic: a “twelve 
clock’’; addition, subtraction, and 
multiplication fora ‘‘twelve clock’”’; 
a “four clock” 

A wide variety of story problems, 
optional exercises, challenging 
Think problems, flow charts, and 
logic problems are also integrated 
throughout the text to help the 
children improve their skills in 
problem analysis and solution. 
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Teaching 
the Book 5 Program 


Design Features 
of Book 5 

Each lesson is titled with either 
a question or a provocative phrase 
inviting the child to explore a given 
idea. The core lessons of Book 5 
are designed in one of two ways: 
those lessons which include an in- 
vestigation activity begin on the 
left-hand page with the investiga- 
tion, followed by a set of discussion 
exercises and then by a set of exer- 
cises on the right-hand page for the 
children to work independently. 
The titles of these sections are [n- 
vestigating the Ideas, Discussing 
the Ideas, and Using the Ideas, 
respectively; other lessons are de- 
signed around a set of discussion 
exercises, titled Discussing the 
Ideas, and a set of independent 
exercises, titled Using the Ideas. 

Many lessons throughout the 
book contain starred exercises for 
enrichment and a Think problem 
for the more able or interested chil- 
dren. Each chapter contains a chap- 
ter review (Reviewing the Chapter) 
and every chapter, except the first 
two, contains at least one cumula- 
tive review (Keeping in Touch). 

Though each lesson in Book S is 
presented on facing pages, this for- 
mat may be treated with considera- 
ble flexibility. You may find that for 
some lessons you will want to 
spend your entire allotment of time 
for mathematics on the Investiga- 
tion and Discussion, saving the 
exercises for another day. In other 
lessons, however, you may find that 
you can cover as many as two 
facing-page lessons in one day. 
Keep in mind, though, that, in gen- 
eral, the core lessons are designed 
to be used for a single mathematics 
lesson in one day. 

Color is used functionally 
throughout the text whenever it is 
felt that color-coding of numerals 
and symbols will facilitate learning 
and understanding of key concepts. 


“ 


Teaching Strategies for Book 5 

While specific teaching strategies 
will be made clear through your 
teachers’ edition notes, there is a 
broad general plan for the teaching 
strategy throughout the book. The 
organization of the teachers’ man- 
ual, as well as the material in the 
child’s book, continually suggests 
this strategy. It is intended that 
each day’s lesson in which the child 
is presented with a new concept be 
divided into these parts: Prepara- 
tion, investigation, Discussion, and 
Using the Exercises. The prepara- 
tion usually should be kept fairly 
short, and care should be taken to 
see that this work does not preempt 
either the Investigation or the Dis- 
cussion. Generally, the Preparation 
should do nothing more than pro- 
vide the children with that readi- 
ness which they need before they 
begin the Investigation. The Inves- 
tigation presents the rudiment of 
the concept treated in the lesson 
and should be the “main event” 
in terms of pupil activity and in- 
volvement in the unfolding of the 
concept. 

In general, the Investigation 
should be done by the children 


either independently or in small 


groups. Think of the Investigation 
as a student-centred activity. It is 
fully anticipated that the students 
will grope, question, search, and 
explore. Most Investigations are 
designed to provide for individual 
differences; that is, the child is fre- 
quently asked to perform a certain 
task as many ways as he can, or to 
find how many ways he can do a 
certain thing. By presenting the 
child with this type of challenge, at 
least some degree of success is 
assured. That is, your slowest stu- 
dent will find that he can do some- 
thing more than one way, while 
your more able children will find 
many ways to do a given task. 
Thus, as you guide the children 
through an investigation, it is im- 
portant for you to recognize that 
they will achieve in widely differ- 
ing ways, and that you should give 
recognition for all levels of achieve- 
ment. Perhaps the most important 
thing to remember in working with 


the children during the Investiga- 
tion is to encourage them to do the 
thinking and exploring. It is their 
section. Do not help them too 
much. 

Following the Investigation, the 
children are given an opportunity 
in the Discussion section to talk 
about what they did and to sum- 
marize the mathematical ideas of 
the lesson in preparation for work- 
ing independently in the Using the 
Ideas section. Generally, the be- 
ginning discussion exercises are 
designed to stimulate the children 
to talk about what they did in the 
Investigation. You should encour- 
age them to discuss the various 
methods that they used to investi- 
gate and explore the concepts. Also, 
you should follow your teachers’ 
guide carefully to be sure that what- 
ever mathematical ideas are to be 
developed in the section are actu- 
ally summarized and understood by 
the children. 

The section titled Using the 
Ideas (called Using the Exercises 
in the teachers’ edition) does exact- 
ly what the title implies. The chil- 
dren, having come through the first 
three parts of the day’s lesson—the 
Preparation, the Investigation, and 
the Discussion— should be ready to 
work on their own to use the ideas 
of the lesson. Again, you should 
provide for individual differences 
in assigning work in this section; in 
other words, base your assignments 
on the needs and abilities of the 
children. The exercise sets in this 
section are generally graded, be- 
ginning with the easier exercises 
and ending with the more chal- 
lenging (starred) problems. Often, 
there will be a challenging puzzle- 
type problem for a given lesson. 
From time to time, a fairly easy 
challenge problem is provided to 
encourage less able children to at- 
tempt it. Also, quite often, all of the 
children will benefit from a discus- 
sion of the challenge problem. 

At the top of each left-hand page 
of the teachers’ edition, under the 
heading Objective(s), the goal of 
the lesson is stated in terms of what 
the child should be able to do as a 
result of the lesson. This objective 
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summarizes the key idea of the 
lesson in terms of the child’s per- 
formance. Throughout the teaching 
suggestions for the Investigation 
and Discussion, the most impor- 
tant ideas of each lesson are re- 
emphasized and clarified. It is im- 
portant that you carefully consider 
the objective of each lesson so that 
you know how to direct the chil- 
dren through the development of 
ideas to the desired goal. 

Following the statement of the 
objective for each lesson, the teach- 
ing suggestions follow the format of 
the general teaching strategy men- 
tioned above. The Preparation lists 
any materials the child will need 
for the Investigation, and, occa- 
sionally, materials recommended 
for use by the teacher during the 
Discussion. The preparation sec- 
tion is designed to review ideas, 
motivate children, or give them 
necessary background information 
regarding the Investigation. De- 
pending on your classroom orga- 
nization, you may choose to use 
only those Preparations which are 
essential to the Investigation. At 
times it is recommended that you 
have children begin immediately 
with the Investigation. 

The next three sections of the 
teaching suggestions correspond to 
the sections of the child’s text: 


Investigating the Ideas — Investi- 
gation 

Discussing the Ideas—Discus- 
sion 

Using the Ideas — Using the Ex- 
ercises 


Each section contains teaching 
suggestions related specifically to 
the corresponding section in the 
child’s text. When lessons in the 
child’s text deviate from the stan- 
dard format, the teaching sugges- 
tions fall under the Discussion and/ 
or the Using the Exercises heading. 

A section titled Mathematics is 
included in certain lessons to pro- 
vide background or to clarify for 
the teacher the principal mathe- 
matical concepts treated in the les- 
son. This section is strictly for the 
teacher; terms used here need not 
be used with the children other than 


Vili 


as indicated in the teaching sug- 
gestions or in the child’s text. 

The Follow-up suggests various 
activities, games, or worksheets to 
help reinforce the concepts devel- 
oped in the lesson. These are in- 
cluded only as suggestions to be 
used as your schedule allows. How- 
ever, some of these activities and 
many of the materials recommend- 
ed in the Resources for Active 
Learning may be used by the chil- 
dren independently at various ac- 
tivity or free periods throughout 
the day. 

Since effective use of the inves- 
tigative approach requires knowl- 
edge of the materials available for 
activity-oriented classrooms, sug- 
gestions are provided in the section 
titled Resources for Active Learn- 


ing. The lists of resources in the. 


chapter introductions and in most 
of the lessons offer an ample start. 
Provided some of these resources 
are available, you should be able to 
use or adapt the ideas contained in 
them to various situations. 

The “‘Manipulative Devices” can 
be used to support the lessons. The 
‘“Commercial Games”’ and “Gen- 
eral Activities” in the Chapter In- 
troduction should be useful as con- 
tinuous activities throughout the 
chapter, for review or practice of 
basic skills and concepts. The Re- 
sources listed for specific lessons 
are directly related to those lessons’ 
objectives. Choose one or two, and 
try them out in a variety of situ- 
ations. 

At the time of this writing, the 
authors cited those resources which 
are of high quality and which di- 
rectly complement the active-learn- 
ing approach. Familiarize yourself 
with those materials which have 
been marketed subsequently. 
Check with your principal or super- 
visor for more recent materials to 
support this type of learning ap- 
proach. Such materials can often 
be obtained from your local sup- 
plier. Additional sources are listed 
on page Xi. 


Provision for Individual 
Differences 
Minimum, average, and makxi- 


mum assignments are provided for 
each lesson other than review les- 
sons. These assignments are given 
to assist you in providing for the 
individual needs of the children. It 
is not intended that you give the 
minimum assignment to the slower 
children, the average assignment 
to the average children, and the 
maximum assignment to the more 
able children. Rather, these desig- 
nations are given to assist you in 
making individual assignments ac- 
cording to needs, abilities, and time 
available for each individual child. 
For example, if time is short and 
you need to move rapidly through 
a particular lesson, you may choose 
to use the minimum assignment for 
all children. The minimum assign- 
ment will, in general, provide the 
children with sufficient practice 
and mastery of skills to move ahead 
to the next lessons. On the other 
hand, you may sometimes choose 
to use the maximum assignment 
with slower children over a period 
of two or three days. Also, it is 
highly likely that you will not want 
to assign the maximum assignment 
to the more able children, since 
quite often they need less practice 
than some average and below aver- 
age children. For example, when 
your more able children demon- 
strate the ability to perform a par- 
ticular skill with great efficiency, 
they should not be made to dnill 
excessively in that skill. In some 
cases, an asterisk is placed beside 
an assignment to indicate that the 
lesson could be omitted without 
loss of continuity in the flow of 
ideas. 

Long-Range Planning Chart 

The long-range planning chart is 
designed to provide the teacher 
with some guidelines for planning 
basic, average, and maximum 
course coverage of Investigating 
School Mathematics. 

The basic course outline covers 
all the essential parts of the pro- 
gram, but provides little in-depth or 
extension material. The average 
course covers all the material of 
the basic course plus considerable 
extension material. The maximum 
course provides for nearly total 
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the text. Optional material foreach ing below the average grade level. as it applies to the immediate 
of the three courses is shown by This same course might be used in objectives for the lesson and 
page numbers shaded gray. other ways, such as with a brighter the overall objectives of the 
The suggested time schedule, child who may move rapidly unit. 

covering 36 weeks, should be through these same pages to make (2) Do notallow the teachers’ man- 
viewed only as an aid in helping — up for time lost through an absence. ual notes to deter you from 
you plan a time schedule that al- using your own effective teach- 
lows for the individual differences General Suggestions ing methods or to stifle creative 
within your own class. You should We offer two general suggestions efforts. 

not view it as arigid schedule. For regarding use of the chapter and Your manual does not attempt to 
example, the basic course may be _ page lesson notes: dictate all of the activities in the 
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day-to-day handling of your class 
and the individuals init. You should 
use your manual as a guide to be 
co-ordinated with those methods 
which you have found to be most 
effective in teaching mathematics 
in the past. One of the key tech- 
niques in presenting a structured 
system of mathematics consists of 
developing a topic and pursuing it 
until you have reached a desired 
level of understanding with regard 
to that topic. This is one of the 
guiding philosophies behind the de- 
velopment of /nvestigating School 
Mathematics. You will notice this 
philosophy particularly in the devel- 
opment of some of the more intense 
sections of work. That is, when the 
topic is being introduced, it is ex- 
plored in great detail; however, we 
have tried to provide interesting 
activities to relieve the intensity of 
these longer sections. Treat the 
relief materials with a light touch 
and in the spirit of having fun and 
playing games with mathematics. 
Classroom Organization 

The Book 5 program can be used 
in situations where the entire class 
works together on the same lesson, 
where small groups work together 
on the same lesson, or where indi- 
vidual students are allowed to pro- 
ceed at their own rate of speed. You 
will want to employ the type of 
classroom organization that best 
suits the physical facilities of your 
particular situation. Teachers often 
find it stimulating to vary group 
sizes for different lessons and units 
of work. Smaller-size groups can 
often work more effectively to- 
gether and allow greater opportu- 
nity to participate in the Investiga- 
tion and the Discussion. Whatever 
Class organization you choose, keep 
in mind that the key to the Investi- 
gating School Mathematics pro- 
gram is active student participation. 


Evaluation of Progress 

A child’s attitude toward mathe- 
matics is often influenced by the 
methods used for evaluating his 
progress. All too often, evaluation 
procedures focus attention on what 
the child did not understand or 
master, rather than on what the 
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child did accomplish. In evaluating 
a child’s progress, try to maintain 
a positive view, one which capi- 
talizes on successes and develops 
confidence. 

Achievement and diagnostic tests 
for Book 5 may be obtained from 
the publisher. Chapter reviews as 
well as cumulative reviews are pro- 
vided in the text, to aid in evalu- 
ation of the child’s progress. How- 
ever, you may find that a day-to-day 
evaluation of the children, often 
involving personal interviews, will 
help you determine how well a child 
grasps the concepts and how well 
he is able to apply them. 
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PAGES 2-3 
Objective 

Given a typical lesson in the 
Investigating School Mathematics 
text, the child will be able to dis- 
tinguish its three principal parts: 
Investigating the Ideas, Discuss- 
ing the Ideas, and Using the Ideas. 


Preparation 

This first step of the overall teach- 
ing plan for each lesson in the 
text is the briefest. However, it 
will often be the key to inspiring 
children with an enthusiastic ap- 
proach to the lesson. In some 
lessons, it is essential to the 
investigation; in other lessons, it 
simply serves as a review. In most 
cases, the preparation should be 
limited to a maximum of five min- 
utes. Brisk and lively, it should en- 
sure that each lesson is begun with 
a positive attitude. 

For this introductory lesson, you 
might simply encourage the chil- 
dren to flip through the pages of the 
book, stopping to look at whatever 
interests them. After one or two 
minutes, refer them to the title and 
author page and the table of con- 
tents, asking them which chapters 
they think they will enjoy most. 
Finally, refer them to the first intro- 
ductory lesson. 


Investigation 

As Stated in the introductory mate- 
rial, the investigation presents the 
child with an opportunity to ex- 
plore, often with minimum teacher 
direction, the ideas presented. 
Sometimes this exploration con- 
sists of an investigation with con- 
crete objects; at other times, the 
child simply uses paper and pencil 
to explore ideas with number. In 
any case, this section should be 
totally child-centred. It is the 
child’s opportunity to explore new 
ideas, or known ideas in a new 
way; it launches the lesson. The 
attitude to be fostered is that the 
child cannot make a mistake. Since 
he will often learn as much from 
his “incorrect” approaches as from 
finding the correct methods, he 
should be encouraged to explore 
things on his own. 
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® Let's explore your mathematics book. 


[a] Find an “Investigating 
the Ideas” section that 


uses colored strips. 

Sample answers: pages 52,54 
Find an Investigation in which 

you must cut something out. 

Sample answers: pages 78, 82 
[c] Find an Investigation which 

requires only pencil and paper. 
Sample answers: pages |2Z,16,22 


Investigating the Ideas 


This is a sample lesson to help you understand how to use 
your book. In this part of a lesson you will find things 
to investigate and discover. 


Can you find Investigations in your book 


like the ones below ? 





Discussing the Ideas 


In this part of a lesson you will discuss the ideas of the 
lesson with your classmates and teacher. You will share your 
ideas with others. You will be getting ready to use the ideas. 


1. Does each “Investigating the Ideas” section contain 
a key question for you to answer ? Yes 


2. a What color do you find on the border of the page 

beside each Investigation section ? A shade of blue 

B What color is the strip next to the “Discussing 
the Ideas” section? A shade of green 


3. Is there always a ‘Discussing the Ideas” section 
following an ‘‘Investigating the Ideas” section? Yes 





In this introductory lesson, you 
will probably want to read with the 
children the paragraph at the top 
of the page. Explain that you want 
them to read and answer questions 
A, B, and C by themselves. Move 
around the room giving encour- 
agement to children who. find the 
required sections and suggesting 
that they look for more. Stress the 
importance of recording their an- 
swers even when the text does not 
explicitly request it. 
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Discussion 
The discussion section provides an 
opportunity for children to discuss 
the ideas they investigated and for 
you to guide the discussion so that 
the emphasis is on the main point 
of the lesson. It is in this section 
that you will sometimes want to 
demonstrate various computation- 
al skills or use visual materials to 
highlight a particular concept. The 
questions in the text help the chil- 
dren focus on the most important 
concepts, but your skill in guiding 
discussion and presenting ideas 
will be of inestimable value in this 
section. 

Notice that discussion questions 








In this part of a lesson you will be using the ideas that 
you investigated and discussed on the opposite page. 
You will work problems to improve your understanding 
of those ideas. Try the problems below. 


1. What color is the strip beside the ‘‘Using the Ideas” problems ? 
7 


3. 


Problems in these boxes are special challenge problems for you. 





Using the Ideas 


A shade of red 
How many “Investigating the Ideas” sections are in Chapter 3 ? 10 


Look up the word angles in the index. What page 
numbers are given? Pages 75-79 


How many special flags referring you to additional 
exercises can you find in Chapter 5 ? 4 


On page 67 you are invited to explore one of the 
“Mathematical Activities.” Find the activity. 
Activity Card 3, page 334 
Is there a glossary in your book ? Find it and look up 
the meanings of some words you choose. Yes ; choices will vary. 








1 and 2A give children an oppor- 
tunity to talk more about the inves- 
tigation sections of their texts. 
Point out that every investigation 
section is followed by a discussion 
section. However, in some lessons 
no investigation precedes the dis- 
cussion section. 


Using the Exercises 

The section in the child’s text en- 
titled Using the Ideas is referred 
to in the teacher’s manual as 
“Using the Exercises.” As indi- 
cated by its title, this section is 
intended to provide the children 


with an opportunity to use the ideas | 


they have investigated and dis- 
cussed. Ordinarily, children should 
be expected to work by themselves 
for this section. Occasionally, how- 
ever, you might want to use a few 
of the exercises as basis for intro- 
duction, directions, and discussion. 
Exercises on these pages may be 
assigned selectively; it is rarely es- 
sential that each child do all of the 


exercises. However, on many 
pages the exercises progress devel- 
opmentally so children should do 
parts of each exercise, excepting 
those which are starred. Starred 
exercises extend the concept of 
the lesson or present more diffi- 
cult applications of it. They are not 
intended for all children. 

Explain to the children the pur- 
pose of this section and assign the 
exercises. Due to the amount of 
reading in some of these sections, 
you might find it necessary to read 
through the material with some 
children. As explained in the text, 
the Think problem is a special chal- 
lenge. Encourage children to try 
these, even though they are in- 
tended primarily for enrichment. 





























CHAPTER 1 Sets, Logic, 


Pages 4-19 


General Objectives 


To provide an interesting and dif- 
ferent beginning to the study of 
mathematics 

To provide a variety of opportu- 
nities for mathematical thinking, 
such as work with informal logic, 
discovery of patterns, and spe- 
cial attributes and categoriza- 
tions of sets 

One of the chief purposes of this 

chapter is to get school started in 

an interesting and stimulating way. 

The children are not expected to 

master all of the mathematical 

ideas that are presented in the 
chapter; rather, this material 
should be treated with a light touch. 

The intention is for the children to 

have fun with the ideas of the chap- 

ter rather than to attempt to mas- 
ter them. Hopefully, the positive 
attitudes which this chapter is 
intended to develop will prevail 
throughout the school year, and 
will continually reflect a realization 
of the fact that mathematics can 
be fun and that there are many 
mathematical ideas and concepts 
which can profitably be explored 
and discussed without specific at- 
tempts at memorization or mastery. 


| Mathematics 


A comprehensive treatment of the 
mathematics in this chapter would 
require considerably more space 
than is available in this mathemat- 
ics section. A number of topics 
concerning sets, logic, and patterns 
are explored in an informal way. 
Hence, rather than attempting in 
this introduction to present a com- 
prehensive mathematics section 
for all of the diverse topics of this 
chapter, a brief mathematics sec- 
tion is presented in each lesson that 
introduces a new mathematical 
idea, to assist you in understand- 
ing the ideas as they are presented 
to children. It is not essential that 
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and Patterns 


you completely master all of the 
logical ideas that are presented in- 
formally to the children in this 
chapter. Actually, sufficient mathe- 
matical background can be attained 
from a careful study of the ideas as 
they are presented on the child’s 


page. 


Teaching the Chapter 

Materials 

Crayons, red and blue 

Index cards, small (at least 22 per 
child) 

Yarn, red, 75-cm pieces (1 per 
child); blue, 75-cm pieces (1 per 
child) 


Vocabulary 

input sequence 

logic set 

output transformation 
pattern 


Although the manipulative mate- 


rials needed for this chapter are 
relatively few, the investigations 
should provide stimulating and re- 
warding experiences for the chil- 
dren. It is important that your en- 
thusiasm be apparent to the children 
and that you motivate them to en- 
joy thinking. The interest and en- 
thusiasm sparked by this first chap- 
ter should set the tone for the entire 
year. It also presents an opportunity 
to prepare the children for the inde- 
pendent thinking which they should 
develop. By having these first few 
lessons well organized, you can 
start the children on the path to- 
ward an exciting year of investi- 
gation and discovery. However, 
the phrase ‘‘well organized” is not 
intended to suggest that you will 
be continuously directing the activ- 
ities of the children. Rather, it 
implies that you understand the 
goal of the lesson, acquire and pre- 
pare the materials necessary, ensure 
that the children realize what the 
primary investigation question is, 
and then give them the freedom to 


explore it. If this attitude of investi- 
gative freedom is new to you or to 
the children, be patient with your- 
self and the children as you become 
accustomed to a more open-ended 
approach to teaching mathematics. 


Lesson Schedule 


Plan to spend approximately two 
weeks on this chapter. If children 
have found any of the topics partic- 
ularly interesting, you might suggest 
that they continue with some of the 
activities as follow-up or free time 
projects. Keep in mind that one of 
the main purposes of this chapter 
is to stimulate interest in such top- 
ics. Thus, children should be en- 
couraged to continue working with 
them if they choose. 

/ 


Evaluation of Progress 


Any evaluation of children’s mas- 
tery of the ideas of this chapter 
should be informal. Observation of 
the children’s responses to the var- 
ious investigations should indicate 
which children need particular help 
in building a_ positive attitude 
both toward the study of math and 
toward themselves as_ learners. 
Also, children who demonstrate a 
highly developed ability to reason 
and think logically should be chal- 
lenged to continue with similar 
problem-solving activities, or other 
games with the attribute pieces. 


~ Resources for Active Learning 


GENERAL ACTIVITIES 


[The first five references below are 
games of logic and patterns. ] 


Experiments in Mathematics, Stage 
2, “3-D Noughts and Crosses,” 
p. 52; “Game of Hex,” p. 53, 
Houghton Mifflin (Available from 
Thomas Nelson and Sons) 

Math Activity Cards, “Special 
Mill,’ C45; “‘Switcheroo Func- 
tion,’ D44, Macmillan 


Maths Mini-Lab, Cards 135, 136, 
Selective Educational Equipment 
Notes on Mathematics in Primary 
Schoaiss. squares,’ ~p. 233; 
““Hex,” pp. 234—235; “Go,” p. 
pase Nim, p. 236; “Lucas’ 
games,” pp. 237—238; Cam- 
bridge University Press (Avail- 
able from Macmillan of Canada) 


SMSG: Puzzle Problems and 
Games Project, ‘“Nim-Type 
Games,” pp. 13—20, Stanford 
University 


Madison Project: Explorations in 
Mathematics: A Text for Teach- 
ers, ‘‘Logic,” pp. 118—160, 
Addison-Wesley 

Nuffield Project; Problems—Red 
Set, Nos. 9, 9A, Wiley 

Math Activity Cards, C39—43, 
Macmillan [Puzzles and pat- 
terns | 

Nuffield Project: Computation and 


Structure 3, pp. 48—55, Wiley 
[Puzzles and patterns] 


MANIPULATIVE DEVICES 


Attribute Games and Problems 
(Selective Educational Equip- 
ment; Webster, McGraw-Hill) 

Dienes Logical Blocks (Herder and 
Herder) 

Pattern Blocks (Selective Educa- 


tional Equipment; Webster, 
McGraw-Hill) 
Setsplay (Selective Educational 


Equipment) 
Sigma Chips (Sigma, Scott Scien- 
tific) 


COMMERCIAL GAMES 


Beeline (Selective Educational 
Equipment) 

Haar Hoolim Perception Games 
(Selective Educational Equip- 


ment) 


Hindu Pyramid Puzzle (Tower of 
Hanoi) (Creative Publications; 
World Wide Games) 


Jumpin’ (Selective Educational 
Equipment) 
Kalah (Oh-Wah-Ree) (Creative 


Publications; Math Media) 

Math Games and Puzzles Kit (Con- 
cept Co.) 

Mem (Math Media; Selective Edu- 
cational Equipment) 

Nine Men Morris (World Wide 
Games) 

On-Sets (Nasco; Wff ‘N Proof) 

Psyche-Paths (Cuisenaire Co.) 


Shuttle Puzzle (World Wide 
Games) 

Think-a-Dot (Childcraft; Cuisen- 
aire Co.) 

Tri-Nim (Childcraft; Gamco; Wff 
‘N Proof) 


Wff ‘N Proof (Childcraft; Wff “N 
Proof) 
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PAGES 4-5 
Objective 

Given a set of objects containing 
some elements with a common 
property, the child will be able to 
identify those objects which have 
the common property. 


1B Sects, Logic, and Patterns 


@ Let’s exp/ore sets. 








Investigating the Ideas 


Imagine that there is a giant stack of cards 
with a different object or symbol on each one. 





Preparation 

Your treatment of these first few 
pages of the text will generate the 
mood which is likely to prevail in 
the classroom throughout the entire 
year. Thus, in this first lesson, show 
enthusiasm in introducing the chap- 
ter, motivating the children for 
some fun with thinking. Move 
quickly into the investigation, for 
it should serve to stimulate chil- 
dren’s interest. 







Eric is thinking 
of a special set 
of the cards. 


Investigation 

Children would benefit from dis- 
cussing this investigation in small 
groups. Direct them to read through 
the investigation section only, and 


: B,E,F (Cards picturin 
to see if they can figure out which hora 


objects on which a 
circular Shape appears) 


Can you use the clues above to tell 


which cards are in Eric’s set ? 


cards are in Eric’s set. It may take 
some children quite a bit of discus- 
sion to realize that the only accept- 
able objects are those on which a 
circular shape appears. As you 
move around the room, encourage 
creative thinking. Avoid giving an- 
swers to children’s questions too 
quickly. Stimulate thought with 
questions of your own, such as: 
“What is alike about all the objects 
in the first set? in the second set?”’ 
“Would a waste paper basket be in 
Eric’s set?” 





Discussion 

Although, mathematically, “‘set’’ is 
undefined, there are ways by which 
we can help children build up an 
intuitive notion of set. For example, 
we can think of a set as a collection 
of objects about which we can de- 
termine whether a particular object 
is or is not in the set. This is pre- 
cisely what the children did in the 
investigation. Any object on which 
the shape of a circle appears is in 
Eric’s set; any object on which the 
shape of a circle does not appear is 
not in Eric’s set. Thus, given any 
object, we can determine whether 
or notit is in Eric’s set. Stress these 
ideas as you discuss exercises 1-3. 





Discussing the Ideas 


1. What are some other objects or symbols that might 
be on the cards in Eric’s set ? Sample answers: balls of all kinds, 
globe, spools, circular plates (any circular object). 

2. How can you describe the objects in Eric’s set ? 

All of them are Circular or have circular parts. 

3. Can you explain why none of the objects in the set under 
Clue number 2 are in Eric’s set ? 

None are circular or have circular parts. 

4. Choose a set of objects and describe it to your classmates. 
Answers will vary. See Discussion. 


When you discuss exercise 4, 
help the children describe their sets 
so that there is minimal ambiguity. 
Help the children realize that the 
test of a good description is whether 
or not a classmate could think of 
any object and know whether this 
object is or is not in the described 
set. 








In each exercise you are given clues to help you figure out 
what special set of cards is involved. Study the clues and 


answer the question. 
1. 5,¢.0 


















Using the Exercises 
Assign the exercises on page 5 as 
independent work. You might wish 
to suggest that the children also list 
other objects which would be in the 
set illustrated in each exercise. 
When the children have finished 
the exercises, provide time for 
checking answers and clarifying 
any points in question. 












Using the Ideas 


| Which of these 
are in ‘the s set oa 





Which of these 
|_are in the set? 





Which | of these. 
| are in 1 the set? 








Assignments (page 5) 


Minimum: 1-2, oral. Average 1-2, 


oral. Maximum: 1-3. 





Mathematics 

Although the emphasis in this first 
lesson is on logical reasoning, sev- 
eral mathematical concepts under- 
lie the material presented in this 
lesson. 

The lesson is basically concerned 
with classification of elements of 
sets. The word set is used in this 
lesson in a natural way. Only the 
language of sets is needed here, not 
set notation. 

Considerable emphasis is placed 
on the words all and none in this 
lesson and in succeeding lessons. 
Both words are called quantifiers 
in mathematical logic because they 
specify, in a broad sense, the quan- 
tity or number of objects of a given 
set. Another familiar quantifier is 
some. As used in mathematics, 
some means at least one. Thus, in 
the third set given in the exercises, 
this statement could be made: 
‘Some of these are in the set. Which 
ones?” 

This lesson introduces the child 
to concepts by means of examples 
and non-examples and deals with 
classification or categorization of 
objects possessing similar proper- 
ties. For a more extended discus- 
sion of these ideas, refer to /nves- 
tigating Mathematics Learning 
Section III, pages I-9 through I-18 
in the appendix of this Teachers’ 
Edition. 


Follow-up 

Children might enjoy making clas- 
sification cards similar to those in 
the exercises on page 5. Their first 
pictures should show objects in 
their set; their second pictures, ob- 
jects not in their set; and their third 
group of pictures, a mixture of ob- 
jects in and not in their set. Remind 
the children to make an answer key 
for each card they make. 


All of these are in the set. f* 






None of these are in_the set. 


WE 


Which of these are in the set? 


Se ae? 







































PAGES 6-7 


Objective 

Given a set of numbers all of 
which have a simple arithmetic 
property, such as “‘anevennumber” 
or “a multiple of 5,” the child will 
be able to identify other numbers 
that have the same property. 


Preparation 

Your adaptation of the following 
preparation will depend on your 
classroom organization. You may 
choose to have the children begin 
the investigation immediately. 
However, if you prefer, spend no 
more than five minutes giving chil- 
dren examples of descriptions of 
sets and ask them to list the mem- 
bers in the set. Or, name some 
objects in a chosen set and ask chil- 
dren to describe your set. For 
example, say something such as: 
“I’m thinking of the set of all the 
days of the week. List the members 
in my set.” Or: “I’m thinking of the 
set of all the girls in this room with 
blond hair. List the members of my 
set.” (If no girls in your class have 
blond hair, this set will be the empty 
set.) 

To ask children to describe a set, 
list objects whose common prop- 
erty is easily recognized, such as 
the chalk, a certain pen, a certain 
pencil, for the set of writing objects 
in the classroom. Or, choose a color 
and then name objects in the room 
that are that color. 


Investigation 

In this investigation, children must 
identify the common arithmetic 
property shared by all the numbers 
in the first illustration. Most will 
have no difficulty recognizing the 
multiples of 5. Remind children to 
list 5 more numbers in the set. For 
those who finish quickly, you might 
Suggest another exercise on the 
chalkboard, as in the example 
below. 


All of these are in the set: 
49, 21, 35, 91, 140, 364 
None of these are in the set: 
10, 24, 12, 100, 81, 72 
List more members in the set. 





Lisa is thinking 
of a special set 
of these number 
cards. 





Suppose the numerals 1 through 1000 
were printed on cards. 


Can you use the clues below to tell 
which cards are in Lisa’s set ?35,45,50 





® Let’s explore sets of numbers. 


Investigating the Ideas 





2000 





Lisa 


120, 


in her se 
tiple o 


(Any mu 


Discussing the Ideas 


1. How can you describe the numbers in Lisa’s set ? 
Sample answer: Each is a mult 


2. All these number cards 
are in the same set. : 
a What are some clues for cards that are not in the set ? 


5 F erthan 
sB Give some more number cards that would be in the set ondjars 
Sample answer: Cards Showing the numbers 3, 233, 22 


3. Think of a special set of number cards. 
Then give clues like those above and see if your 


classmates can tell what numbers are in your set. 
Answers will vary. See Discussion. 





bs of S. 4 








Discussion 

As children discuss the investiga- 
tion and exercise 1, stress that it is 
necessary to identify a particular 
common property of the numbers 
to be chosen from the given set. 
Their new set of the multiples of 
5 is a subset of the given set. 
For exercise 3, children should list 
five or six members of their set 
under the heading “All of these 
are in my set.” Then they should 
list five or six numbers not in the 
set under “None of these are in my 
set.”” They may then exchange pa- 
pers and try to list other members 
in the set their classmate desig- 
nated. If you choose, the exercise 


might also be handled with the class 
as a group orally or with the use of 
the chalkboard. 

During these first few lessons on 
sets, recall that one of the broad 
objectives is to help the children 
build up an intuitive notion of set. 
Also, keep in mind that these les- 
sons should be treated as enjoyable 
mental activities rather than rigor- 
ous problems. 





List 5 more numbers 


| 
| 23] [23] 





Each exercise gives you Clues to help you figure out what special 
set of number cards is involved. Study the clues and answer 
the question. 





Using the Ideas 








Using the Exercises 

Assign the exercises on page 7 as 
independent work. Encourage chil- 
dren to think up more sets of their 
own when they finish. They might 
put them on task cards, similar to 
those shown on page 7, and ex- 
change these cards among them- 
selves. Note that although sets of 
multiples of a number are excellent 
for this type of exercise, other prop- 
erties may also be chosen. For 
example, in the set {24, 134, 294, 
704, 994}, the common character- 
istic is that each numeral ends with 
the digit 4. 


Assignments (page 7) 
Minimum: 1-2, oral. Average: 1-3, 
oral. Maximum: 1-3. 


Mathematics 

In this lesson, the child must select 
from a given set all the elements 
that have a particular property. The 
elements so chosen form a new set, 
called a subset of the original set. 
The following statement precisely 
defines the idea of a subset of a set. 


Set B is a subset of set A if B 
contains no element that is not 
also in A. 


An alternative definition follows: 


Set B is a subset of set 4 if 
every element of B is also an 
element of A. 


From this second definition, how- 
ever, it is not immediately apparent 
that the empty set is a subset of 
every set. Using the first definition, 
we can easily argue that the empty 
set contains no element that is not 
in set A. As a matter of fact, it con- 
tains no element. Hence the empty 
set satisfies the definition of being 
a subset of set A regardless of the 
nature of the given set A. 

The idea of a subset can be rep- 
resented by a diagram. Set B in the 
diagram is contained entirely within 
set A, and nothing outside A is in 
B. Hence, B is a subset of A. 





Some further examples will help 
clarify the idea. 


Set Subset 
Your class The girls in your 
class 
A baseball The pitchers on that 
team team 
A set of The cups from that 
dishes set 


Notice that the subsets may con- 
tain no elements at all: if you teach 
in an all boys’ school, then the set 
of all the girls in your class would 
contain no members at all. Also, 
the subset may be the same set as 
the original set: if you teach in an 
all girls’ school, the set of all the 
girls in your class is the same set as 
the set of all children in your class. 


Workbook, page 1 


PAGES 8-9 
Objective 

Given a Set of figure cards, the 
child will be able to classify them 
in sets according to the properties 
of the figures and the relationships 
among them. 


Preparation 

Materials 

small index cards (Have avail- 
able at least 12 per child but 
do not distribute in advance; 
let children take them as they 
decide how many they need.); 
red and blue pencils or crayons 


The nature of this lesson, makes 
it appropriate to begin immediately 
with the investigation. 


Investigation 

It is important for children to figure 
out for themselves which cards they 
can make. As you move around the 
room, refrain from answering chil- 
dren if they ask you to check to see 
whether or not they have made all 
possible cards. Instead, encourage 
them to make sure for themselves 
whether or not they have made all 
possibilities. (A finished set will 
have 12 cards.) The figures may be 
made freehand; it is not essential 
that the circles be drawn exactly, 
with a compass. It is only essential 
that a difference in shape and size 
(large or small) be apparent. 


To make each 
figure card 
you may use: 


A red?eG 





Investigating the Ideas 


A figure card must have 
one colored figure on it. 


4. Suppose one of the cards is turned facedown. 
Someone who knows tells you the figure on 
the card is not blue. What do you then know 
for sure about the figure ? [t is rea. 


5. If you have one set of cards, can you put all 
the cards with blue figures in pile a and all 


the cards with circles in pile B 2? Explain. 
No; see Discussion. 





@ Let's explore logic and sets. 





one of the 2 colors, red 





or blue YA 


one of the 3 figures, square by _ circle ©) ; 


or triangle /\, 


one of the 2 sizes, large A orsmall A 


How many different figure cards can you make ?!2 





Discussing the Ideas 


2. How many cards have figures which are 


B redcircles? 2 














Discussion 

Once the children have made all 
possible cards, they are equipped 
with material that is highly bene- 
ficial for the study of sets and for 
developing skill in distinguishing 
like and unlike properties and in 
classifying objects accordingly. 

As you work through discussion 
exercise 1, do not try to exhaust 
the number of possible sets children 
may form and name, as there is a 
large number of sets. Only discuss 
some samples which the children 
suggest. Note that sets need not 
always be neatly categorized as “all 
red figures” or ‘‘all blue squares”; 
also included may be sets such as 


“tall blue triangles and the large red 
square.” 

Inexercise 3, after the single card 
has been removed, the remaining 
cards may be grouped according to 
various methods. For example, the 
cards might be separated by color, 
then the color which has only five 
cards may be put in pairs according 
to shape until the missing card is 
discovered. 

In exercise 4, stress the fact that 
a figure cannot be both blue and not 
blue at the same time. In exercise 5, 
stress the fact that since two figures 
are both blue and circles they can- 
not be put in separate piles. 





1. Use your cards to form the set of circles. How many cards 
are in this set ? What other sets can you form and name ? 
4 


See __. 
Discussion. 


c small red circles ? | 


3. Mix up a complete set of cards and have someone secretly 
take one of them. How can you find which one he took ?See 


Discussion. 





i: 


«4. 





Using the Ideas 


Use the cards you made in the Investigation. 

How many are in each set ? 

a Squares + —e Large figures@1 Small squares 2 

B Triangles + F Blue figures@ y Large triangles 2 

c Circles 4 c Redfigures@ « Large red figures 3 
p Small figures © H Bluecircles2 t Small blue triangles | 


One of the cards is shown facedown in each exercise. 
Some clues have been written on the back. 


Which figure is on the card ? 


Small blue square. Large red circle Small blue triangle 








This is part of a 
special set of the 
cards. Which card 
is missing ? 


ati oro won ‘the game? Hae 
How do you know ? ee 


Pe The Expos had more than 3 runs 
at eh e end ee the 3rd en: 


Make up a different 
set of cards and 
write some problems 


about them. 
Answers will vary. 
See Using the Exercises. 9 














Using the Exercises 
You might assign the exercises on 
page 9 as independent work or as a 
small-group activity. Encourage all 
the children to try starred exercise 
4. When children have finished 
making up their own problems, sug- 
gest that they exchange problems 
and try to solve those their class- 
mates wrote. 

Let those who try the Think prob- 
lem explain their reasoning to the 
class. 


Assignments (page 9) 


Minimum: 1-2. Average: 1-3. 


Maximum: 1-4. 


Follow-up 

If commercial attribute blocks are 
not available, children may use 
their figure cards for a number of 
thought-provoking activities. For 
example, two children can make up 
games together, such as the follow- 
ing: one child thinks of a special 
set from the cards; the other child 
inquires, card by card, if it belongs 
to his partner’s set until he is able 
to describe the set his partner is 
thinking about. One color yarn may 
be used to circle the cards which 
do belong and another to circle 
those which do not. 


Set of small triangles 





Set of Set of 
triangles small figures 


““Choose the Subset” 

Children can work in pairs or in 
small groups to play “Choose the 
Subset.”” Have each child print nu- 
merals 1 through 10 (or, if desired, 
1 through 20) on slips of paper or 
small cardboard squares. One child 
states a property for a given set of 
numbers, and the other children 
choose all the cards that have a 
number with the given property. 
Score one point for each correct 
card selected. Subtract one point 
for a wrong card or for each omitted 
card. 

Suggest sets having simple prop- 
erties, such as these: 


1. All the numbers that are multi- 
ples of 3 

2. All the numbers less than 6 

3. All the numbers greater than 6 
and less than 9 

4. All the prime numbers in the set 

5. All the numbers in the set that 
can be divided exactly by 2 or 3 


a 


PAGES 10-11 
Objective 

Given two intersecting sets of 
numbers, the child will be able to 
identify a number when given ap- 
propriate statements concerning 
its inclusion in or exclusion from 
the sets, or when given some prop- 
erties of the number. 


Preparation 

Materials 

small index cards (3 per child); 
75-cm piece of red yarn (1 per 
child); 75-cm piece of blue 
yarn (1 per child) 


If colored yarn is not available, 
you may have the children use cray- 
ons to draw red and blue loops on 
large sheets of paper. 

The nature of this investigation, 
makes it appropriate to begin it 
without specific preparation. 


Investigation 

Direct the children to fold and cut 
their cards into fourths and use 
each for a number from | through 
10. Some children may try to plan 
which number they want to use and 
then arrange the loops and cards 
accordingly. Others may simply 
mix the cards and place the loops 
on top, and then decide which num- 
ber to use. Notice that the clues 
should be brief but complete. 


Sample possibilities (dashed lines 
represent red yarn): 





Clues: It is not inside the red 
loop. It can be divided evenly by 5. 





Clues: It is inside the blue loop. 
It is less than three. It is even. 


10 





@ Can you draw /ogical conclusions? 


Investigating the Ideas 


Make cards for the numbers 
1 through 10. Make two 
1-metre loops from red 

and blue yarn. 


CLUE CARD 
It is inside the 
red loop and it 
is inside the 





blue loop. 

It is odd. 
Which number 
is it tio 


Use the clues 
to find the number. 





See Lnvestigation. 





Challenge a 
classmate to 
find your number. 


Can you put the cards into 


the loops in a different way 
and make a new clue card ? 





Discussing the Ideas 


1. Which cards are inside the red loop and also inside 
the blue loop in the Investigation ? 2,5,8 


2. A student is thinking about a card that is not inside the 
red loop. What do you know about his card ? It is 1,9, or 10. 


3. A student placed his loops like this. 
Can he lay the cards down so that all 
the cards with numbers greater than 4 


are inside the red loop and all the Tlie 


cards with numbers less than 7 are 
Do not dwell very long on the 


inside the blue loop ? Explain. 
ideas in this discussion. Children 


No; see Discussion. 
10 
will benefit more from working with 








Discussion 
The logical use of the words and 
and not as used in mathematical 


logic is in agreement with their ordi- 
nary usage. You will want to ascer- 
tain that children understand how 
these words are used as you dis- 
cuss exercises | and 2. (See the 
mathematics section for a more 
extended discussion of the mathe- 
matics underlying this lesson.) 

In exercise 3, help the children 
realize that because the numbers 5 
and 6 have the properties of both 
statements, they should be included 
in both loops. So, as long as the 
loops are separated, the cards can- 
not be properly placed. 


actual exercises and challenging 
each other as the investigation sug- 
gests than from overemphasis on 
simple concepts. 


Using the Ideas 


1. Use the clues and give the number for each clue card. 


2. Use the set of cards for 

the numbers 1 through 10. 

How many cards have 

numbers that are 

noteven?S ce morethan 4 and 
not odd? 5 
less than 5?4F even and more 
more than5?5 than6? 2 


* 3. 





A 


B 
Cc 
D 


Put the cards with odd numbers 
inside the red loop. Put the 

cards with multiples of 3 inside 
the blue loop. Which numbers are 
inside both loops ? 3 and 9 


CLUE CARD 4 


It is not It is not 
inside either inside the 
loop. blue loop. 
Itisnot11. It is inside 
ere the red loop. 



















CLUE CARD 










It is even. 





Qo 


CLUE CARD CLUE CARD CLUE CARD 



















It is not It is inside It is not 
inside the red loop | inside the 
the red loop. and blue loop. 
Itis inside — it is inside It is not even. 
the blue loop. the blue loop. It is less 





It is even. than 7. 


It is greater 
than 6. 


These are’ 
in a set of 
“special” | 
less than 7 ? 2 words. . 


‘Theseare 
not in the 
set. 





Which of 
~sthese Is: "| | 
inthe set? [iemawor [7 
UE VEOG ar ine ieee S| 





11 





Using the Exercises 
Assign the exercises on page 11 as 
independent work. When the chil- 
dren finish, check their answers and 
allow time for discussion of any 
questions. Note that for starred 
exercise 3 the loops should be 
placed so that they overlap. 
Encourage everyone to try the 
Think problem. Children will real- 
ize how simple it is when those who 
solve it explain that they simply 
noted the number of letters in each 
word. 


Assignments (page 11) 
Minimum: 1-2. Average: 1-2. 


Maximum: 1-3. 





Mathematics 

The mathematics of this lesson in- 
volves informal ideas of set mem- 
bership and the intersection of sets, 
as well as simple properties of 
numbers. 

If § and T are any two sets, then 
their intersection, written S M T, 
is the set consisting of all elements 
in both § and T. 

In the figure below, the shaded 
portion of the figure represents 
A 1 B. The figure shows that y is 
an element of A  B. This means 
that y is an element of A and y is 
an element of B. Observe that x is 
an element of A, but x is not an ele- 
ment of B, so x cannot be an ele- 
ment of A M B. As shown by the 
drawing, z is not an element of 
either set A or set B. 


A B 





Follow-up 

Encourage children to make nu- 
merous clue cards to exchange with 
each other. You might broaden the 
possibilities by including in the set 
the numbers 11, 12, 13, 14, and 15, 
or other numbers. 





Workbook, page 2 
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PAGES 12-13 
Objective 

Given a sequence of numbers 
and a corresponding dot pattern, 
the child will be able to recognize 
the sequence and continue the con- 
struction of the pattern. 


Preparation 
It would be appropriate to begin 
this lesson immediately with the 
investigation. 


Investigation 

Children might work independently 
on this investigation. Direct them 
to study the pattern and try to figure 
out how each number is formed in 
relation to the number preceding 
it. Some children might see the 
relationship before drawing another 
dot figure. Many, however, will rely 
on the construction of the next dot 
figure to find the next number in the 
sequence. 

If some children finish quickly, 
suggest that they build a pattern of 
their own for a sequence you sug- 
gest on the chalkboard, such as the 
following: 

gps 2} SASS 13, Ny 


12 





Investigating the Ideas 


The Dot Pattern Printer printed patterns for the 
number sequence 1, 4,9,16,25,... . 


make and give the next two.nu 


(Patterns and 7 by 6,49 





Discussing the Ideas 


of even numbers 2, 4, 6, 8,10, 12,14,... 


of odd numbers 1, 3, 5, 7,9,... ?See Discussion. 





4. Can you invent another sequence of 


numbers and draw the dot patterns that go with the sequence ? 
Answers may vary. 
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® Can you find the patterns? 


Can you draw the next two patterns the printer will 


bers. in the sequence ? 


1. Why do you think the numbers in the sequence above are called 


square numbers 23What are some other square numbers ?©4,81,!00,..- 
Sample answer: The dots for these numbers can be arranged ina 
2. What pattern might the machine print for the sequence 


?See Discussion. 


3. What pattern might the machine print for the sequence 








Discussion 

Use the sequence of square num- 
bers to discuss the relation of the 
number sequence to the geometric 
pattern represented by the dots. 
Stress the appropriateness of the 
term “square numbers” and help 
children see how this sequence is 
formed arithmetically: 1 x 1,2 x 2, 
3 X 3, and so on. 

For exercises 2 and 3, accept 
any pattern for a number sequence 
which children can reasonably ex- 
plain. Although at times one geo- 
metric pattern will seem obvious 
for a particular sequence, other 
reasonable patterns may be just as 
valid. 


Follow-up 
Children can use the centimetre 
strips which accompany this ser- 
ies to show simple arithmetic se- 
quences, that is, sequences in which 
successive numbers have the same 
difference. Examples are: 

1; 4,7, 10,204. and 

DOGO Ags <6 
More complicated sequences such 
as 
Lordy 2. le ee OF ly eh os ee eee 

could also be constructed. 


Using the Ideas 


Draw the next dot pattern the “printer’’ will make 
and give the next two numbers in each sequence. 


1.24.28 
= 





Resources for Active Learning 

Developmental Math Cards, H25, 
J415, Addison-Wesley. 

Mathematics in Modules, WN22, 
Addison-Wesley. 








i 








Using the Exercises 

Assign the exercises on page 13 as 

independent work. Suggest that the 

children look not only at the geo- 

metric dot pattern but also at the 

numbers in sequence, to see if they 

can both draw the next two patterns 

and explain how each preceding 

number was used to form the next 

number in the sequence. However, 

the primary objective in this lesson 

is for children to be able to recog- 

nize a pattern and give other num- 

bers in the sequence. Children 

should not be expected to state 

arithmetically how the sequence is Assignments (page 13) 

built. Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 
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PAGES 14-15 
Objective 

Given illustrations of an object 
before and after a certain trans- 
formation (or application of a func- 
tion rule), the child will be able to 
identify the same transformation 
on another object. 


Preparation 

To prepare for this lesson, you 
might remind the children that in 
the previous lesson they studied 
number patterns which were repre- 
sented geometrically with dots. For 
example, write one or two of the 
easier sequences and ask children 
to explain how they are “built.” 
Then explain that patterns may 
occur in figures as well as numbers. 


Investigation 

In this lesson, children must exam- 
ine a particular transformation, or 
change, which occurs on an illus- 
trated object and then apply this 
same transformation to another 
illustrated object. The function 
rule in the investigation can be 
described as, ‘“‘Rotate the input one- 
fourth turn clockwise.” 

After children have given other 
examples of the rule in the text, 
suggest that they make up arule of 
their own and challenge a class- 
mate with it. 


14 





Discussing the Ideas 


Investigating the Ideas 


When you put a figure in 
this function machine, the 
machine changes it in a 
certain way. The machine 
prints yellow input-output 
cards to show what happened. 


Can you invent your own function rule like the one above 
and make some input-output cards to show your rule ? 


4 


@ Let’s explore figure patterns. 












1. Explain function rule A in your own words. 

Sample answer: Rotate the input figure 5 turn clockwise. 
2. Which figure did you select as the output 

in the Investigation ? Why ? Sample answer: 


It Shows how figure looks 
after 4 turn Clockwise. 


3. Can you draw the output that the machine above 


will produce if this figure is the input ? 





Discussion 

One of the principal aims of this 
lesson is to have children recog- 
nize patterns and apply them to 
similar situations. Do not belabor 
the discussion exercises. Make sure 
children realize that the pattern is 
given by the first illustration of each 
example and then direct them to the 
exercises on page 15. 

















The first card in each exercise shows what the machine does. 
Give the number of the output for the second card. 


1 2 3 4 
1 2 3 4 






Using the Exercises 

Assign the exercises on page 15 as 
independent work. Also, suggest 
that for each exercise the child give 
at least two more examples of other 
objects before and after the trans- 
formation. It is unnecessary for 
children to describe the transfor- 
mation verbally, although, for the 
sake of discussion, you may wish 
to have some children tell why they 
chose the particular output for a 
given exercise. 


Using the Ideas 





Assignments (page 15) 


Minimum: 1-3. Average: 1-4. 


Maximum: 1-S. 





Resources for Active Learning 

Experiments in Mathematics, Stage 
1, “Transformations,” pp. 38-39, 
Houghton Mifflin (Available 
from Thomas Nelson and Sons). 
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PAGES 16-17 
Objective 

Given number patterns and Sse- 
quences, the child will be able to 
extend the pattern or sequence. 


@ Let’s explore other mathematical patterns. 





Investigating the Ideas 


Study the first 4 equations on each poster. 


Preparation 

To introduce this lesson, you might 
use an oral drill such as counting 
by multiples of 5, 4, or 2. Or, write 
on the chalkboard the numbers 1, 2. 
Then ask the children to add the 
second number to the one which 
comes before it, that is, to add 2 to 
1 and write the sum, 3, next in line. 
Ask them to continue doing this a 
few times. They may be surprised 
by how quickly the sums grow. 
Point out that such a listing of num- 
bers is called a sequence and that 
they will be studying patterns and 
sequences in this lesson. 





Investigation 

Explain to the children that they 
should first study the four com- 
pleted equations on each poster. If 
they have figured out the pattern 
they should be able to complete the 
equations without actually perform- 
ing any operations. However, most 
children should check their equa- 
tions by actually performing the 
operations on the numbers which 
they have chosen to complete the 
equation. You might encourage 
some children to extend the list 
of equations in the investigation 
after they have discovered the 
patterns. 





Discussing the Ideas 


1. Use the pattern on the first poster to guess the number 
for n in this equation. 
(987654321 x 9) -1=n 
Check your guess by computing.8 888 888 888 


2. Acertain number multiplied by itself gives a product equal 
to thissum:14+3+5+4+7+9+4+11+134+15417 


Explain how to find the number. 
Tne number of addends equals the middle addend. 
Multiply this number by itself to get a product that equals the sum. 


3. Can you find the pattern and give three more numbers 
in this sequence ?Double the preceding number and subtract |. 
2, <3) be OF 17 eoSNeSe 22 -2a7 
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Discussion 

In discussing exercise 1 and the 
pattern on the first poster, stress 
to the children that recognizing the 
pattern will enable them to com- 
plete the equation without actually 
performing any operation. As you 
discuss the second set of equations, 
elicit from the children that the 
middle term, or the average of the 
two middle terms, indicates the 
number to be multiplied by itself. 
Finally, in the last discussion exer- 
cise, let the children discover the 
rule themselves: double the first 
number, and subtract 1 to get the 
second number. 


16 















Follow-Up/“Buzz” 
Children should enjoy the “Buzz” 
game, based on patterns of multi- 
ples. Choose a set of multiples, such 
as multiples of 4. Ask the children 
to begin counting by ones. Every 
time a multiple of 4 is reached, the 
child whose turn it is should say 
“Buzz.” When the children catch 
on, suggest another multiple and 
use another word as its substitute, 
such as “Clang.” You might even 
challenge the children to use a com- 
bination of multiples, such as mul- 
tiples of both 3 and 4. 
Samples: 
1. Multiples of 4: 
[23] BUZZ.) Of UZ 7a 9 eee 
2. Multiples of 3: 
be? eClane,4, -5,-Glane. 75.5. 
Clang... 
3. Multiples of 3 and 4: 
1}, 2:¢Clang?Buzz.05.,C lalieaes 
Buzz, Clang, 10, 11, Buzz- 
Chang ee. 


Using the Ideas 


1. Study the patterns in the first four equations on each poster. 
Copy and complete the next equation in each part. 


(1X9)+2 =I) — Gx) 2l= 9 
((12xX9)+3 =U (12X8)+2=98 
(123 X9)+4=1111 (123X8)+3= 987 


(1234x9)+5 = II III (1234 x8)+4=9876 
(12 345 X9)+2 =!!! WI (2345 X8)+5 =98 765 





Resources for Active Learning 


Developmental Math Cards, 
“Square Numbers,” 1!19, K/21, 
Addison-Wesley. 

Math Activity Cards, ‘Magic 
Squares,” D38, Macmillan. 

Mathex: Numeration No. 7, “‘Pat- 
tern Seeking,” pp. 1-6 (pupil 
pages 1-5), Encyclopedia Bri- 
tannica Publications Ltd. 


2. Check each equation in exercise 1. 
Is each “answer” correct ? Yes 


3. Give the next three numbers 
in each sequence. 16, 18,20 
meee, 11 2:1 ae). 2 ae 
B 1,2, 4,8, 16, 32, ?, ?, 264128,256 
CPU, te 208 212350,31, 
40, 41, ?, ?, ? 50,51,60 





Duplicator Masters, page | 
Workbook, page 3 
Skill Masters, page | 








Using the Exercises 

Assign page 17 as independent 
work. Note that in exercise 1 the 
children need only follow the pat- 
terns in order to complete the equa- 
tions. In exercise 2, they are to 
work out the equations to see if 
their patterned work was correct. 
If some children can find the pat- 
terns in exercise 1 quickly, you 
might ask them to try to write other 
equations that would follow the 
same pattern. 


Assignments (page 17) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 
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PAGES 18-19 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Depending on the needs of your 
children, you may wish either to 
begin this lesson immediately or to 
review any of the topics treated on 
these pages which the children 
found troublesome. 


18 








; chins A) at 8 


Which number is it ? 
sas : Which number is it ? 


















ale 








3. 
A | Itis inside the red loop. B | Itis blue. 
It is large. It is large. 
It is not a circle. It is not inside the 
It is blue. red loop. 
What is it? Large biue squa What is it ? Large blue triangle 
c | Itis inside both loops. It is small. 
It is not a circle. It is red. 
It is not red. It is not in the red loop. 
What is it? Smal! blue square What is it? smail red triangle 
18 
Discussion 


Since pages 18 and 19 both contain 
the kind of exercises with which 
the children worked in this chapter, 
you might simply assign them as 
independent work. The ability of 
the children to work these exercises 
independently should help you eval- 
uate their development in the area 
of logical thinking. However, keep 
in mind that many children wiil 
not yet have reached the level of 
operation above that of the con- 
crete or semiconcrete level. There- 
fore, evaluation of their ability to 
work with the material in the chap- 
ter should be treated with a light 
touch and not ‘“‘emphasized.”’ 





4. Give the next two patterns and numbers. 
— (2x6), | 125 (2x7), 14 





5. The first card shows what the function machine does. 
Can you give the number for the output for the second card ? 4 


ee 
nput cgutaet 
ay ig 





6. Study the first three equations on each poster. 
Then copy and complete the next apavetron. 


7. Give the next three numbers in each sequence. 


a 1,6,11,16, 21, 26 31, 36 Be tee 1 Sah VS howe tat 
IB131, 131SI, 1313131 














Follow-up 

Encourage children to develop task 
cards for the attribute pieces. They 
might do this in groups of 2 or 3 
and then exchange cards. Others 
might like to invent input and out- 
put rules for the function machine, 
creating cards similar to those in 
exercise 5. An example of a pat- 
tern may be explored by those who 
remember their multiplication facts 
for 9: 


12345679 12345679 
x 27 x 45 
86419753 61728395 
24691358 49382716 
333333333 ep bers has) 


Workbook, page 4 


19 


CHAPTER 2 


Pages 20-39 


General Objectives 


To provide understanding of place- 
value concepts 
To review and extend work with 
inequalities 
To introduce work with bases other 
than ten 
A clear understanding of place 
value is one of the most important 
objectives of the Investigating 
School Mathematics program. 
Without such an understanding, 
there is little hope of teaching 
meaningfully the algorithms (com- 
putational rules) of arithmetic and 
decimal notation. For this reason, 
the concepts of place value are 
treated carefully beginning in Book 
1 and are followed up throughout 
the series. This chapter begins with 
a study of unconventional numerals 
to review the usual place-value 
scheme. Then, various methods of 
showing numbers with groups of 
objects, number-blocks, and the 
abacus are investigated. The read- 
ing and writing of large numbers, 
which is studied next, includes an 
introduction to expanded notation. 
Following this, inequalities are used 
to help the children understand 
place-value concepts and the order- 
ing of the set of whole numbers. 
Once place value has been pre- 
sented carefully, the idea of group- 
ing by sets other than groups of 
ten is introduced. The children are 
introduced to grouping by fours, or 
base four. This lesson involves 
primarily the writing of base-four 
numerals for a given set of objects. 
Some work with operations is pro- 
vided in order to give the children 
further experience with this inter- 
esting idea. The chapter closes with 
a study of some older systems of 
numeration, which may spark fur- 
ther exploration, depending on chil- 
dren’s interests. A chapter review 
(pages 38-39) summarizes the con- 
tent of these lessons. 


TI9A 


Numbers and Numerals 


Mathematics 


The digits are the symbols 0, 1, 2, 
3, 4, 5, 6, 7, 8, and 9. A numeral is 
any symbol that stands for a num- 
ber. Thus, the symbol 4 is both a 
digit and a numeral. The symbol 57 
is a two-digit numeral for the num- 
ber fifty-seven. 

Correct use of the words number, 
numeral, and digit may sometimes 
be awkward. You might find it con- 
venient to ask a child to write the 
‘“‘number” 1486, or to refer to this 
as a “four-digit number.” Strictly 
speaking, these are abuses of the 
language, because you do not write 
the number and the number does 
not have four digits. You write the 
symbol or the numeral, and it is the 
symbol or the numeral that has four 
digits. The children, however, will 
no doubt understand that, when you 
say, “Write the number,” you mean 
for them to write the symbol for 
this number; likewise, when you 
say ‘‘a four-digit number,” they 
will understand that you are refer- 
ring to the symbol used to represent 
this number. Hence, we consider 
both expressions acceptable at this 
level. However, certain abuses of 
the number-numeral terminology 
are Clearly objectionable and may 
confuse the children. Do not ask 
the children to add digits or num- 
erals. They add numbers and write 
digits and numerals. 

The paramount consideration 
regarding the number-numeral ter- 
minology is to keep the language 
simple and meaningful to the chil- 
dren. Whenever you are uncertain 
about whether you should say num- 
ber or numeral, say number. Avoid 
making an issue of these words 
with the children. If a child points 
to a symbol or numeral and calls it 
a number, do not criticize his re- 
mark. Most children have an intu- 
itive grasp of the difference between 
number and numeral, and a lengthy 


discussion of these ideas may serve 
only to confuse that which was pre- 
viously clear. 

An important property of our 
numeration system is place value. 
Place value means that the number 
a digit represents depends on the 
place it occupies in the symbol. For 
example, when we write the num- 
eral 4357, the digits 4, 3, 5, and 7 
stand for 4000, 300, 50, and 7, 
respectively. 

Another important aspect of our 
numeration system is that we can 
represent any number by using only 
ten symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8, 
9. Each digit used by itself repre- 
sents a single number; it is only 
when we write symbols for numbers 
greater than nine that a given digit 
may stand for two or more num- 
bers. Thus, in the numeral 636, one 
6 stands for six hundred, and the 
other stands for six. 

Our place-value scheme has the 
number ten as its base, which means 
that we group by tens. Given a col- 
lection of objects, we find out how 
many disjoint sets (sets which have 
no common elements) of ten can be 
formed. Consider the dots shown in 
the illustration; there are 3 sets of 
ten, and 8 left over. 


The importance of place value is 
evident when we write the numeral 
for this number of dots. Instead of 
writing “3 sets of ten, and 8 more,” 
we write “38” and agree that the 
digit in the “‘second place”’ (3 in this 
case) represents sets of ten. 

In order to represent numbers 
over 99, we need to group the sets 
of ten by tens. We say that each set 





of 10 tens is one hundred. For ex- 
ample, we might have some objects 
grouped as follows: 5 sets of one 
hundred, 3 sets of ten, and 7 more; 
WE WILE Soules 


Teaching the Chapter 


Materials 


Abacus (optional) 

Counters (15 per child) 

Number blocks for base ten (op- 
tional) 

Reference materials (history books, 
almanac, encyclopedia) 

Sugar cubes or blocks for base four 
(optional) 


Vocabulary 
abacus is not equal to 
base four less than 
base ten million 
billion numeral 
digit operation 
equals place value 
equation Roman 
greater than numeral 
hundred set 
million ten million 
~ hundred ten thousand 
thousand thousand 
inequality trillion 


Although materials such as an 
abacus and sugar cubes are not es- 
sential to the investigations, the 
availability of these materials would 
enhance the learning experiences 
for which they might be used. Most 
children can successfully follow 
instructions in making an abacus, 
given a few simple materials such 
as copper wire, plastic foam, card- 
board and beads; or plywood, nails, 
and washers. Sugar cubes may be 
used for work both in base ten and 
in base four. However, their use 
in the lessons on bases other than 
ten (pages 32-37) may be espe- 
cially helpful in providing the con- 
crete experience children need in 


order to understand place value 
with other number bases and the 
grouping processes involved. 
Although the vocabulary list is 
long, most of the words should be 
familiar to the majority of the chil- 
dren. Those words that are new 
should be stressed so that they are 
mastered by the end of the chapter. 


Lesson Schedule 


Plan to spend about one-and-a-half 
to two weeks on this chapter, de- 
pending upon the interests, abilities, 
and background of the children. 


Evaluation of Progress 


The material presented on base 
four is included in this chapter to 
increase understanding of base ten 
and to serve as a stimulation for the 
children. Mastery is not expected. 
The principal value of teaching 
something unusual, such as base 
four, is that it arouses the children’s 
interest and stimulates them to doa 
better job in arithmetic. Keep these 
objectives in mind as you teach 
this small section of the chapter. 
Since you should not expect the 
children to master all of the topics 
concerning base four, do not be dis- 
couraged if some of them fail to 
understand the more difficult con- 
cepts. Most should understand the 
rudiments of grouping by four and 
writing a two-place base-four nu- 
meral. Treat this section lightly, and 
do not allow the children to become 
discouraged if they find it particu- 
larly difficult. 

The chapter review on pages 38 
and 39 should serve as a guide 
for evaluating the children’s prog- 
ress. We stress again that, while 
place value and inequalities are 
vital to successful study of the re- 
mainder of the text, topics such as 
base four and different types of nu- 
merals should not be considered a 


significant part of the children’s 
progress for this chapter. Encour- 
age more capable children to inde- 
pendently explore these optional 
items in depth if they are intrigued 
by them. 


Resources For Active Learning 

GENERAL ACTIVITIES 

Applied Mathematics Cards, 
‘‘Methods of Counting,’ Group 
2/1, Schofield and Sims (Avail- 
able from Mafex Associates, 
Willowdale, Ont.) 

Franklin Series: From Fingers to 
Computers, ‘The Abacus,” 
pp. 18-35, Lyons and Carnahan 
(Available from McGraw-Hill 
Ryerson) 

Nuffield Project: Problems— Green 
Set, No. 3, Wiley 
[The following references deal 

with bases other than 10.] 

Discovery, Section II, Units 8/5; 
15/2; 16/2,3, Encyclopaedia Bri- 
tannica Educational Corp. 

Mathex: Numeration No. 7, pupil 
pages 15-22, Encyclopaedia Bri- 
tannica Publications Ltd. 

Teaching Aids for Elementary 
Mathematics, “Tables for other 
Bases,” pp. 42-43; “A Quinary 
Calendar,” pp. 46; “A Binary 
Code...,” p. 47; “Greeting 
Cards,” pp. 48-51, Holt, Rine- 
hart and Winston 


MANIPULATIVE DEVICES 
Abacus or abacus board (school 


supplier) 

Cuisenaire Cubes, Squares, and 
Rods (Cuisenaire Co.) 

Dienes Multibase Arithmetic 
Blocks (Herder and Herder) 

Dr. Nim (Childcraft; Gamco) 

Multi-base Converter (Math Me- 
dia; Selective Educational Equip- 
ment) : 

COMMERCIAL GAMES 

Base Check Game (Lakeshore) 

Radix (Lang) 

Ranko—pink and yellow cards 
(Midwest Publications) 
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PAGES 20-21 
Objective 

Given a different set of symbols 
to replace the base-ten digits, the 
child will be able to use these sym- 
bols to write numerals that have 
place-value meaning. 


Preparation 

To stimulate interest in this lesson, 
write a numeral using the secret 
code described in the text. For ex- 
ample, write the numeral for the 
number of children in the class, and 
explain that you have used a sec- 
ret code to write a number with 
which all of them are associated. 
Then tell the children that as they 
work through the investigation they 
will be able to figure out the num- 
ber you have written. 


Investigation 

In order for children to make sense 
of Fran’s date of birth, they must 
recognize that each symbol takes 
on a particular meaning according 
to its position in a numeral. Let the 
children discover this from their 
own observation of the text mate- 
rial and from their use of Fran’s 
symbols in writing other numbers. 
You might want the children to 
work in small groups, although in- 
dependent work would also be suit- 
able. Encourage them to write many 
numerals and to exchange papers 
so that what one child has written, 
another may decipher. Have suit- 
able reference materials available 
to assist the children in finding num- 
bers which interest them. Note 
that Fran’s symbols have not been 
named. They may be read by using 
the base-ten name of the digit they 
replace, or children may make up 
names for them. 
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Discussion 

The illustration of the sticks is im- 
portant to the children’s realization 
that Fran’s numerals depend on a 
base-ten place-value system. As 
you work through the discussion 
exercises with the children, stress 
this idea of the position of a digit in 
a numeral with respect to the num- 
ber for which it stands. As you con- 
tinue through the discussions, also 
stress the arbitrariness of numeral 
symbols. Point out that as long as 
Fran’s code is understood, her sym- 
bols represent any number just as 
well as a numeral which employs 
the usual base-ten digits. It would 
be helpful to count with Fran’s 


Investigating the Ideas 


Fran decided to invent 
new numerals for numbers. 
She used them like this: 





Here is Fran’s date of birth. 


June zO,/aéa. 


2 Numbers and Numerals 


@ Let's explore symbols for numbers. 






Can you use Fran’s numerals to show your date 
of birth and some other interesting numbers ? 


Discussing the Ideas 


1. How many sticks are shown in the Investigation above ? 462 
2. When was Fran born ? June 25, 1964 


3. Once Fran decided to use QO for 5, why do you think she used 
the numerals ey a, a, gQ for 6, 7, 8, and 9? 


Answers may vary. See Discussion. 


4. In the numeral a Pen A O ,the A indicates which of 
these numbers: 3, 30, 300, or 3000 ? 300 





See A ; 
Investigation. 





numerals at least through twenty. 
Also, have some children write the 
numerals for their dates of birth on 
the chalkboard and have others find 
the date of birth by using “ordi- 
nary” base-ten numerals. As you 
discuss exercise 3, allow wide vari- 
ation in children’s explanations of 
why Fran chose these symbols, but 
also point out the relationship be- 
tween the number of strokes used 
and the number represented. 


Follow-up 

Encourage children to make up 
their own secret numeral code. 
They might use it in some problems 
and have other children try to figure 
out what the numerals represent. 
Or, they might write a story using 
dates and numbers of persons, ani- 
mals, scores, games, and the like. 


Using the Ideas 


1. Change these to “ordinary” numerals. 
sO 2 B.B.000 82 AOR oF mp bine 
§ ae) blog Bd mEIOOO .~ ALAR 
31 @000 3789 


27 


ease -)\/O.4. 17.000 : Ree 
578 lol 1000 7234 


2. Use Fran’s numerals to rewrite each of these. oOO0o 
a 3640 » 13674 «6 52650200 4 4000 
p 423024 eE 200200 un 7068NOfAR x 1007 
c 5808 rF 405000 . 90008000 . 6528 
K7O0N 
“AN. 


3. Use “ordinary’’ numerals and then Fran’s numerals to tell 
how many are in each set. 


2 6666 = 


ae Ge vo0e == 
66 . 
68 = 





c 
2342 
2402 





1000 1000 
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Using the Exercises 

Assign the exercises on page 21 as 

independent work. When the chil- 

dren finish, check their work and 

allow time for discussion. Continue 

to stress the place-value meaning of 

each symbol. You may wish to use 

an abacus to show the numbers for 

the sets of objects shown in exer- 

cise 3. For those who finish quickly 

or who show particular interest in 

symbols, you might suggest that 

they do the Think problem and use 

these numerals in problems of their 

own. 
Assignments (page 21) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 
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PAGES 22-23 
Objective 

Given numbers in the thousands 
or millions, the child will be able to 
interpret them in relation to an aba- 
cus and to the number blocks of 
thousands, hundreds, tens, and 
ones. 


Preparation 

To prepare for this lesson, you 
might demonstrate the inconve- 
nience of using objects to illustrate 
large numbers. For example, ask 
someone to show with sticks or 
similar objects, the number four. 
Then ask someone to show the 
number fourteen, then twenty-four, 
then forty-four, and so on. Soon 
you will be giving them a number 
for which not enough sticks are 
available or convenient. Suggest 
that they try to think of other ways 
of exhibiting the numbers for which 
sticks cannot be used conveniently. 
Then direct them to the investiga- 
tion. 


Investigation 

You might find it appropriate to 
have the children actually make, 
rather than draw, an abacus and 
then show their numbers on it. 
Long nails, strips of plywood, and 
washers make very sturdy aba- 
cuses. However, a variety of other 
materials may also be used, such 
as copper wire, beads, plastic foam, 
cardboard, coat hangers, etc. In 
any case, recall that for work with 
base-ten numerals, nine is a con- 
venient number of counters on 
each wire. For example, while 
counting in base ten, as soon as one 
more than nine is reached, a bead 
on the next wire to the left should 
replace the nine on the previous 
Strand. 

If you choose to have the chil- 
dren simply draw the abacus, you 
might suggest that they keep the 
drawing of the abacus simple: 


CTT 


Do not indicate how to illustrate 
any particular number; let the chil- 
dren figure this out from: their 
study of the text. Suggest other 
numbers for them to illustrate. 
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562 342 


A 26714 
B 132 476 
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1. We name the parts in the 
cube figure like this. a 
A How many units in a rod 710 © 
B How many rods in a layer 210 
c How many units in a layer ? 100 
p How many units in a block ?!1000 


2. Itis difficult to show 
thousands and millions 
with sets of objects, 
but we can show larger 
numbers easily on the 
abacus. Write the number 
shown on this abacus. 


See Discussion. 


@ How do we use place value? 


Investigating the Ideas 


Each of these figures shows 1253. 
Sticks 


Cubes Abacus 





Discussing the Ideas 





Block Layer Rod Unit 





3. Explain how you would show these numbers on the abacus. 


c 46 205 
p 813 495 


E 2615284 
F 39 700 408 





Discussion 

As you discuss exercise 1 on page 
22, ask children to describe how 
they would count with the number 
blocks. Point out how they replace 
one more than nine units with one 
of the next larger unit. Ask them to 
explain why they would never need 
ten units, ten rods, or ten layers. 
Discuss the use of the abacus in 
exercise 2 similarly, asking chil- 
dren to explain why no more than 
nine beads are needed to show 
base-ten numerals. Also, discuss 
the meaning of the beads in one 
column compared to those in an- 
other. Point out that a bead in the 
tens’ place is ten times as great as a 


bead in the ones’ place, that a bead 
in the hundreds’ place is ten times 
as great as a bead in the tens’ place, 
and so on. 








Using the Ideas 





. Give the number for each of these. 
a 5 blocks, 3 layers, 2 rods, 4 units 9324 
sB 7 units, 4 layers, 9 blocks, 3 rods 9437 
c 6rods, 1 block, 7 units, 5 layers |S@7 
p 12 layers |Z00 


2. Give the number shown by each abacus. 
c 30 317 
















p 54 371 O46 E 3 020 5i9 





f 321 120999 


. Solve the equations. 
a 2756=2000+700+v+6 5° 
B 3428=3000+ 400+ 20+n56 
ec 1206=1000+a+6 200 
p 9257=m+200+50+7 9000 
E 6328=6000+300+s+8 20 
F 4005=t+5 4000 
« 7065=7000+y+5 co 
H 8920=8000+b+20 900 


More practice, page A-1, Set 7 


Using the Exercises 

Assign the exercises on page 23 as 

independent work. If some children 
: find exercise 3 difficult, encourage 

them to discuss the solutions with 


: one or two classmates. When 
the children have finished, check 
their answers. Relate the place- 
value meaning of digits in exercises 
1 and 2 to the equation form used in 
| exercise 3. Note that this exercise 
: set stresses not only the impor- 
tance of grouping by tens but also 
the importance of the agreement 
that the meaning of a digit depends 


on its position in the symbol. Assignments (page 23) 


Minimum: 1-2, oral. Average: 1-2. 
Maximum: 1-3. 





Follow-up 

Encourage children to do research 
regarding the abacus. The Chinese 
abacus, called a suan-pan, with its 
use of 5 and 2 beads on each wire, 
might be very interesting to some. 
The Japanese version of the abacus, 
called a soroban, uses 5 units and a 
5-counter on each wire. Encourage 
those interested to report on either 
of these and, if possible, to show 
how it is used. 


Duplicator Masters, page 2 
Workbook, page 5 
Skill Masters, page 2 
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PAGES 24-25 
Objective 

Given a base-ten numeral for a 
number less than I billion, the child 
will be able to give the place-value 
name of any digit in the numeral. 


@ What are the place-value names? 


Investigating the Ideas 


A card placed in the Base-Ten Machine below makes 
the lights show a certain number. 

Preparation 

Since the number of objects re- 
quired for providing a demonstra- 
tion of very large numbers and the 
place-value ideas associated with 
these numbers is prohibitive, we 
have used a Base-Ten Machine, for 
which the children can imagine 
lights on and off to represent cer- 
tain large numbers. Since this ma- 
chine operates in much the same 
way as the abacus, one good method 
of preparation for this lesson is to 
review the working of the abacus. 





Record the numeral 
that it shows. #364 


Can you tell how the 


Base-Ten Machine works ? 





Discussing the Ideas 


1. We use place value when we write symbols for whole numbers. 
Counting from right te left on the Base-Ten Machine, we 
call the 1st place the ones’ place, the 2nd place the 
tens’ place, and the 3rd place the hundreds’ place. 
What is the 4th place called ? The thousands’ place 


Investigation 

Have the children study the Base- 
Ten Machine and record the num- 
ber itis showing. Give ample oppor- 
tunity for discussion of the machine. 
Have the children describe what 
lights would come on to signal other 
numbers. For example, the lights 
necessary to signal 27 435 would 
be 2 lights in the Sth place, 7 lights 
in the 4th place, 4 lights in the 3rd 
place, 3 lights in the 2nd place and 


2. The 5th place is called the ten thousands’ place. 
Think carefully, then decide what the 6th, 7th; ides hundred thousands’ 


th: millions 
Sth, and 9th places are called. Uae its paar 


9th: hundred millions’ 
3. In what way are the abacus and the Base-Ten Machine alike ? 
See Discussion. 


4. Each sentence below tells something about the numeral 35 746. 
Read and complete each sentence. 
A The 3isin the ten thousands’ place. 











5 lights in the Ist place. Reverse B The 5isin the ?____s place. thousands’ 
this procedure by specifying the c The 7 isin the ?_____ place. hundreds’ 
number of lights showing in each p The 4isin the ?___s place. tens’ 

place and having the children name E The 6isinthe ?_-__ place.ones’ 





or write the numeral for the lights. a 
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Discussion 

Help the children see how the an- 
swers to exercise 2 follow the place- 
value pattern. That is, once they 
know that the fourth, fifth, and 
sixth places represent the number 
of thousands, it is easy enough for 
them to decide what the name of 
each of these places is. In the same 
way, they can name the seventh, 
eighth, and ninth places which rep- 
resent millions, and so on. 

We would like to have the chil- 
dren observe that in discussion 
exercise 3, the Base-Ten Machine 
and abacus are alike in the sense 
that for a given position they show 


a particular digit. For example, if 
the abacus shows zero beads in 
the seventh position, the machine 
would show this by having no lights 
on in the seventh panel. 


1. Give the number the Base-Ten Machine was signalled to remember. 


A 
762 


B 
4203 





D 
519 417417 


3. Write a numeral that has 7 in 


the ten thousands’ place. 
Sample answer: !70 000 


4. Write a numeral that has 6 in 
the millions’ place, 4 in the 
hundred thousands’ place, 7 in 
the ten thousands’ place, and 
zero in all other places.6 479 0090 


5. Write a numeral that has 
328 thousands, 496 millions, 
and 507. Now list the names 
of the first 9 places and give 
the digit that is in each place. 














= ee = 8 


2. For 683 547 201, tell what digit is in each of these places. 
a thousands’? 
B millions’3 


c ten millions’ ® 
p hundred thousands’5 


See Answers, TE. page 25. 
More practice, page A-1, Set 2 





Using the Ideas 


—E hundred millions’@ 
F ten thousands’ * 


A. 








Using the Exercises 

Assign the exercises on page 25 ac- 
cording to the interests and needs 
of your children. You may wish to 
have exercises | and 2 presented 
orally. 

When the children have finished, 
allow time for discussion and 
checking paper. Reemphasize the 
names of the various places. 

The Think problem, which 
should be fairly easy for most of 
the children, continues to empha- 
size place-value concepts. The fact 
that the digit 5 could designate five 
million or fifty billion is an impor- 
tant part of the lesson. 


Assignments (page 25) 


Minimum: 1-2. Average: 


Maximum: 1-5. 





1-4. 


Follow-up 

Make a demonstration-size period 
chart to help children see and 
understand place value, periods, 
and names for large numbers. Label 
20-by-120-cm tagboard as shown. 


S 
S 
HOR 
i=) 
i=) 
—— 
il 
S 
2S 
Sef 
coe 
* 
da 
~ 


70 
= 700 


7x 10 


1 Thousands| Hundreds] Tens | Ones 
thousands 


Thousands 


Hundred 
thousands 


Place-value Chart 


_~ 
so) 
he 
oS 
fe} 
5 
= 
rs] 
re 
12) 
) 
fe 
_— 
e 
O 

~— 


Dn 

r= 

io) 

= 
rs 

ro 

ies 
E 


Millions 


Hundred 
millions 


Ten 
billions 


Billions 


Hundred 
billions 





Answers, exercise 5, page 25 

496 328 507 

ones—7 tens—O hundreds—5 
thousands—8 _ ten thousands — 2 
hundred thousands — 3 
millions—6 ten millions—9 
hundred millions —4 





Workbook, page 6 
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PAGES 26-27 
Objective 

Given numerals for large num- 
bers, the child will be able to read 
them by using the names of the 
periods. 


Preparation 

To prepare for this lesson, you 
might write 4-, 5-, and 6-digit nu- 
merals on the chalkboard and ask 
children to give the place value of 
several of the digits. For example, 
write the following numerals: 


54 397 754 693 
810 502 21 002 
76 328 3192256 


Then ask questions such as, ““What 
digit in which numeral represents 
5 ten thousands?” ‘“‘Name a digit 
which represents a number of ten 
thousands.” 

Such a review should be brisk 
and brief, serving both as a warm- 
up activity and as a review of con- 
cepts essential to an understanding 
of place value. 
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A 426 753 127 
B 306 526 319 
c 345 281 407 
p 36258 342 





Discussing the Ideas 
1. Can you read the number in the sentence below ? 


The oceans of the earth cover 
356 877 107 square kilometres. 


Follow the directions below to read the number. 


First cat __— 5 ils Sy Mie Dal 6b / 


Then at: 35° Or 


Then read: 356 877 iim 


2. Read each of these numbers. see Discussion. 


® Do you know number names for larger numbers? 


E 127 240 316 1 17286000 
F 5103 286 Js 80000 275 
« 175024 156 k 100 000 000 
H 100 300 346 t 65070002 


3. We read the number in example a as: ral 
six hundred fifty-three billion, 
two hundred sixty-one million, 
five hundred four thousand, 
eight hundred ninety-two. 


Read the number in example s. 

Four hundred ninety-two trillion, seven 

padres sixty-five billion, nine hundred thirty-one million, four hundred seven 
4. Read the numbers in these statements. thousand, six hundred eighty-two. 


a Estimated world population in 2000 A.D.: 6 000 000 000. six bition. 
s Recent estimate of earth’s age: 4 950 000 000 years. Four bliin 
c Distance light travels in one year: 9 405 594 460 800 km. ™ 


Nine trillion, four hundred fwe billion five hundred nmety- 
26 four million, four hundred sixty thousand, eight hundre 









Discussion 
One of the main concerns of this 
lesson is to develop the children’s 
ability to read the names for large 
numbers. Although the term period 
is not introduced until page 27 of 
the text, you might use it during the 
discussion. 

Encourage volunteers to read the 
number of square kilometres given 
in the text. When several have read 
it, point out the directions which 
show the grouping of the digits into 
millions, thousands, and ones (even 
though we do not say ‘‘122 ones’’). 
Explain that the digits of numerals 
are grouped by threes and that each 
group of three digits is called a 





period. The three digits in a period 
are labelled with the name of the 
period. Thus, we read the number 
of hundreds, tens, and ones within 
a period and then give the name of 
the period. For example, the num- 
ber in exercise 2A is read, “‘four 
hundred twenty-six million, seven 
hundred fifty-three thousand, one 
hundred twenty-seven.” Also point 
out that the spaces aid us in read- 
ing these numerals by separating 
the digits into the periods, or groups 
of three. 

It is important for children to be 
given the opportunity to practice 
reading numbers orally. Provide 
additional examples, if necessary. 


; 504 892 


765 931 407 682 


nine 


itd. 






Using the Ideas 


1. For large numbers, digits are grouped by threes. Each group 
is called a period. The names of some of the periods are 
given below. Give the missing word for each sentence. 


6 43 Sz0e ey momma. Uke t) 5) 1°63" 17° 855 







Answer: billions 
__. quintillions 


a The 830 tells how many __? __ 
B The 643 tells how many __ ? 
c The 275 tells how many __ ? 
? 
? 





—. millions 
p The 501 tells how many _ ? _. quadrillions 


E The 076 tells how many __ 


__. trillions 











. For each number write an equation as in the example. 


Example: 3654 = 3000 + 600 + 50+ 4 


jet p 26 385 « 163827 J 1265 837 
B 4821 E 90371 H 704 346 Kk 6 860 831 
c 7260 F 84027 1 762005 Lt 23 456 029 


See Answers, T.E. page 27. 


numeral for each part. 

357a 300+ 50+ 7 

543as 5000 + 400 + 30+ 8 
4e3¢ (4 x 100) + (6 x 10) + 3 BP ie ala 
7652p (7 x 1000) + (6 x 100) + (5 x 10) + 2 


3. Sometimes the multiplication sign is used to show place value. 
For each number write an equation as in the example. 
Example: 3654 = (3 x 1000) + (6 x 100) + (5 x 10) + 4 
A 2845 pb 27643 : ax ] 
B 6/734 e 148296 
c 9258 Ff 7268 489 
See Answers,T.E. page 27. 

4. Write the ordinary 


More practice, page A-2, Set 3 





Using the Exercises 
Much of the material on page 27 
could serve as a basis for further 
discussion. For example, you might 
use the chart in exercise | to em- 
phasize that numerals for large 
numbers are not hard to read. 
Exercises 2 and 3 stress the 
meaning of place value by giving 
children practice with simple ex- 
panded notation. Provide other ex- 
amples to make sure children can 
expand numerals using the nota- 
tion in exercise 3. 


Answers, exercise 2, page 27 
2. A 3000 + 600 + 50 + 3 
B 4000 + 800 + 20+ 1 
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C 7000 + 200 + 60 
D 20 000 + 6000 + 300 + 80+ 5 
E 90 000 + 300+ 70+ 1 
F 80 000 + 4000 + 27 
G 100 000 + 60 000 + 3000 + 800 
+2047 
H 700 000 + 4000 + 300 + 40 + 6 
I 700 000 + 60 000 + 2000 + 5 
J 1 000 000 + 200 000 + 60 000 
+ 5000 + 800 + 30+ 7 
K 6 000 000 + 800 000 + 60 000 
+ 800 + 30+ 1 
L 20 000 000 + 3 000 000 
+ 400 000 + 50 000 + 6000 
20-9 
Assignments (page 27) 
Minimum: 1, oral; 2. 
Average: 1-3. Maximum: 1-4. 


Follow-up 

Allow the children to suggest some 
numerals and challenge volunteers 
to write them on the chalkboard, 
using commas to show the periods. 
Space information such as the fol- 
lowing will provide many numerals 
to read and write. 


Minimum 
Distance 
from Earth 


363 299 

77 210 000 

38 220 000 

54 490 000 
588 410 000 

1 197 430 000 
2 586 230 000 
4 310 930 000 
4 290 930 000 


Also, you may want to provide 
the class with additional names for 
very large numbers. These can be 
found in The Lore of Large Num- 
bers, by Philip J. Davis (New York: 
Random House and L. W. Singer 
and Company, 1961), page 23.. 

You might also refer the children 
to pages 20-25 in Dr. Edward 
Kasner’s book Mathematics and 
the Imagination (New Y ork: Simon 
and Schuster, 1940). On those 
pages, Dr. Kasner says that his 
nephew named a very large num- 
ber (1 followed by 100 zeros) a 
googol, and an even larger number 
(1 followed by a googol of zeros) a 
googolplex. 

Answers, exercise 3, page 27 
3.A 2845 = (2 x 1000) + (8 X 100) 


Destination 
in Space 


Moon 
Mercury 
Venus 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 





+ (4x 10)+5 
B 6734= (6 X 1000) + (7 X 100) 
aS X10) et 
C 9258 = (9 x 1000) + (2 x 100) 
+ (5 x 10) +8 


D 27 643 = (2 x 10 000) + 
(7 xX 1000) + (6 X 100) 
+ (4x 10) +3 
E 148 296 = (1 Xx 100 000) 
+ (4 xX 10 000) + (8 x 1000) 
+ (2.x 100) + (9 x 10) +6 
F 7 268 489 = (7 X 1 000 000) 
+ (2 x 100 000) + (6 x 10 000) 
+ (8 x 1000) + (4 x 100) 
+ (8 x 10) +9 


Duplicator Masters, page 3 
Workbook, page 7 
Skill Masters, page 3 
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PAGES 28-29 
Objective 

Given the numerals for two dif- 
ferent numbers, the child will be 
able to compare the numbers and 
place the proper sign(> or <) be- 
tween the numerals for the two 
numbers. 


Preparation 

Although it would be appropriate 
to begin immediately with the in- 
vestigation, you might provide 
children with practice in reading 
large numbers which you display 
on the chalkboard or overhead pro- 
jector. Keep most of the numbers in 
the millions and thousands; higher 
periods need not be emphasized. 


Investigation 

Have available suitable reference 
materials, such as almanacs, en- 
cyclopedias, and history books, for 
children to use in looking for dates 
of historical significance. Encour- 
age them to look up more than one 
other date. You might wish to point 
out that all the dates in the text, 
when ordered correctly, will show 
the progression of man’s air and 
space flight history. You might 
also suggest to the children that 
they show the order and relation- 
ship of these dates by making a 
time line. Remind them that in a 
time line the same distance should 
be used to show a specific number 
of years. 

Encourage the children to illus- 
trate the various events. Long rolls 
of butcher paper are suitable for 
such a project. Children might also 
illustrate their chart if they choose 
to use this method of showing the 
dates in order. 
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@ Can you compare the “sizes” of numbers? 





Investigating the Ideas 








1927 ee ie 
Solo across Atlantic iy 


nes rag ae ae (a) 
meBalloonie | emaees icopter_ . 


: “ . i Fh es ( : 
1852 Round-the-world | = = 1903 
Dirigible nonstop Airplane - 


1783, 1852, 1903, 1919, 
Can you make a chart that lists 1927, 1937. 1942, 1947 


your dates and those above in order? | \949,i9@1, 1969 





Discussing the Ideas 


1. 


Which date used in the Investigation was longest ago ? 
1783 (unless student chooses an earlier date) 


2. Which date is most recent ? 


3. Part of these two numerals is 


. Why can’t you be sure which of 


1969 Cunless student chooses a more recent date) 
; Was 
covered. Can you tell which one 
. 984 
names the greater number ? Explain. 


No, because digits iri periods greater than hundreds are not Known. 


Can you tell which of these is 48 





greater if you know they have 
the same number of digits ? Yes 





these named the greater number 





before the paper was torn ? 


Because the number of digits in 
28 each numeral is not known. 








Discussion 

As you work through exercises 1 
and 2, you might also have the chil- 
dren calculate how long ago 1783 
was. Lead them to observe that 
progress in the 1900’s has been 
much more rapid than in the two 
previous centuries. As you work 
through exercises 3, 4, and 5, re- 
view the meaning of the terms and 
symbols greater than (>) and less 
than (<). 

You might use a few other exer- 
cises to stress both the mathe- 
matical meaning of greater than 
and less than and the particular 
meaning of each place-value posi- 
tion. For example, write the follow- 


ing exercises on the chalkboard and 
ask children to supply the correct 
term, greater than or less than. 


BO 1s 102226 
785 is 200 ___ 985 
8 327 is 1000 ____ 9 327 
367 468 is 10 000___ 357 468 
6 493 684 is 400 000 ___ 6 093 684 





Mathematics 


Using the Ideas We define a > b as follows: 


a is greater than b if and only 
if a—b is a whole number c 
other than zero. That is, there 
exists a whole number c (c # 0), 
such thata=b+c. 


1. Write the word (greater or less) that should go 

in each blank. 

a Since 95is __?__ than 52, we write 95 > 52. greater 

B Since 48 is__ ? __ than 79, we write 48 < 79. less 

c Since 256 is__ ? __ than 254, we write 256 > 254. greater 

p Since 714 is _ ? __ than 734, we write 714 < 734.\ess 
2. Give the correct sign (< or >) for each |i. 
36 ilk 26> © 653 i[h597> 1 15286 ill 15317< 
78 it 74> F 6328 ili 6348< 5 162 834 ill) 162 097 > 
326 ill 356<G 6428 ill) 6228>« 9 762 483 ||) 7 651 642 > 
> 785 i 985< 1 9761 ill 9716 >1 5 400 122 i 5 399 876 > 


3. Give the correct sign (= or #) for each il. 
3624 ill 3000 + 600 + 20 + 4= 
72 437 | 70 000 + 2000 + 400 + 40+ 7# 
632 847 li (00 000 + 30 000 + 2800 + 47= 
56 482 |i 50 000 + 6000 + 410 + 70 + 2= 
734 ill (7 x 100) + (3 x 10) + 4= 
9284 ill (9 x 1000) + (8 x 100) + (2 x 10) +4# 
4. Give the number 100 000 
greater than 54.100 054 
5. Give the number 10 000 000 
greater than 54 365 847.64.3¢5 847 
6. Give the number 1 000 000 less than 
a 100003838 sb 1 467 896467896 
7. a Give the largest 3-digit number 
that has the digits 4 and 7.974 
Bs Give the smallest 4-digit number 
that has only one 0 digit. io 
c Give the largest 6-digit number 
with no two.digits alike. 9a7 654 


Most children understand this def- 
inition intuitively. Inequalities and 
their symbols are utilized in this 
section to further clarify the place- 
value concepts. 


> 





o 


Follow-up 

If the children did not use a time 
line in the investigation, you might 
suggest that they do so as a follow- 
up activity. Or, they may make 
other time lines showing dates of 
other related events, such as im- 
portant dates in Canadian history, 
or dates of inventions related to all 
forms of transportation, etc. 


ote os De Ss > 


Duplicator Masters, page 4 
Workbook, page 8 
Skill Masters, page 4 





More practice, page A-2, Set 4 29 











Using the Exercises 
After you have sufficiently re- 
viewed the symbols >, <, =, and 
~, assign the exercises on page 29 
as independent work. When the 
children finish, use some examples 
to stress the role of place value in 
comparing numbers. For example, 
in exercise 2F, it is not until the 
tens’ place is examined that the 
inequality can be recognized. 
Most children will be able to 
answer exercise 7 and the Think 
problem if they are encouraged to 
use a trial-and-error method. Iftime Assignments (page 29) 
permits, you might have children Minimum: 1-3, oral. 
read some of the large numbers on Average: 1-2, oral; 3-4. 
this page as an oral activity. Maximum: 1-2, oral; 3-7. 
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PAGES 30-31 
Objective 

The child will make estimations 
using large numbers such as thou- 
sands, millions, and billions. 


Preparation 

Before beginning the investigation, 
you might spend a minute asking 
the children to explain what “‘guess- 
ing’ about something means. Make 
sure they realize the difference be- 
tween “guessing” and “figuring out” 
a problem. Stress that a guess re- 
quires reasonable thinking but no 
computation, whereas “figuring 
out” a problem usually means per- 
forming some computation. 


Investigation 

Encourage the children to share 
with each other the guesses they 
made for the investigation and to 
discuss ways of figuring out how 
tall the 1 000 000 pages would be. 
Using the hint that is given, some 
may think: “In 1000000 pages 
there are 1000 pages, 1000 times. 
Since each of these 1000 pages is 
about 5 cm _ high, 1000000 
would be about 5000 cm _ high.” 
It would be helpful to suggest that 
the children relate 5000 cm to 
something they know. For exam- 
ple, 5000 cm is 50 metres, which is 
an approximate height of some 
twelve-storey buildings. You might 
suggest that children measure the 
height of their classroom (floor to 
ceiling) and compare this height 
to that of the 1000000 pages. 
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1 000 000 pages. 
About 5000 cm 


Population of 
the capital 
of your province 


30 


Discussion 

It would be possible to use the dis- 
cussion exercises as supplemental 
investigation questions and ask 
children to explore them without 
class discussion. However, if suf- 
ficient reference materials are not 
available, you may choose to write 
the numbers for exercise | on the 
chalkboard after you have given the 
children time to make their guesses. 


Population of the provincial capital 
— (variable) 

Distance to sun — 148 179 240 km 
(average) 

Speed of light— 300 000 km per 
second 


A book with 1000 pages would 
be about 5 centimetres thick. 


Guess how tall your mathematics 
book would be if it had 


(or about 50 metres) 











®@ How /arge is large? 


Investigating the Ideas 








Discussing the Ideas 


1. How large is each of these numbers ? First guess the number 
of digits. Then check your guess. See Discussion. 





Distance Speed of light 
in kilometres in kilometres 
to the sun 


per second 


2. Find a use for at least one number that has more than 
4 digits. Report your findings to the class. ~newers will vary. 











1. Match each picture with 
one of these large numbers. 





a 100000 





Number of seats 
ina large 
stadium 


Number of pages 
in a thick 
telephone book 


2. Which is more, 
a 100 thousands ‘clin, 
B a thousand thousands 


or 


3. Write the number that is 
a a thousand thousands. 


19099 08°. thousand hundreds. 
560 «. .. ...; 
c ten millions. 
10 000 000 


pb athousand more 
1001 00°o pect 
than a million. 
as aE a hundred millions. 
F°§ thousand millions. 


1000 000 Cog... 
ame & Atillion more 
°°°-han a million. 


H amillion more 
pool 000 4F4n a billion. 


grains of sand 


D ema 100 millions ? 





Follow-up 

Encourage children to make a chart 
showing at least one use for each 
power of ten. Some might have to 
do considerable research to find 
appropriate numbers. Those listed 
below are given as samples; do not 
present them to the children until 
they have utilized every oppor- 


Using the Ideas 





me pe tunity to find their own. 
10— 10 pennies equal 
one dime 
100 — 100 centimetres in 
one metre 


1000 — 1000 pages in a 
large telephone 
book 

10000 — the earth’s diameter 
is about 12740 kilo- 


Number of 


inacup 


c athousand hundreds metres 
or 100 000 — Rose Bowl 
Stadium in 


Pasadena, Calif., 
holds about 100 000 
people; in 1970, 
253 183 people 
attended the 5 
World Series 
baseball games. 
1000 000 — | square kilometre 
equals 1 000000 
square metres 
10 000 000 — 21 377000 people 
live in Canada (1971) 
100 000 000— About 200 000 000 
people live in the 
United States 


31 (1970) 











Using the Exercises 
Assign the exercises on page 31 as 
independent work. Once children 
establish that a thick telephone 
book has about 1000 pages, they 
should be able to match the remain- 
ing numbers without much dif- 
ficulty. In exercises 2 and 3, have 
children write down the numbers 
that they compare and identify. 
Remind them that the space can 
help them in reading and writing 
large numbers such as these. 
Since the Think problem is quite 
challenging, you might wish to point 
out to the children that, in the se- 
quence, the hundred thousands’ 
place and the hundreds’ place in- 


crease by one each time. Thus, to 
get successive numbers after the 
first, the children can keep adding 
100 100. Make sure that the more 
able children are given an oppor- 
tunity to discover this pattern be- 
fore the correct answer is given. 


Assignments (page 31) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 


Si 


PAGES 32-33 


Objectives 

Given a set of fifteen or fewer 
objects, the child will be able to 
write a base-four numeral for the 
number of objects. 

Given a two-digit number in base 
four, the child will be able to give 
its base-ten equivalent. 


Preparation 

To prepare for this lesson, review 
with the children the idea of group- 
ing objects by tens and then writing 
numerals for the number of tens 
and the number left over. For ex- 
ample, ask them to write the nu- 
merals for the following: 


3 tens and 6 
8 tens and 2 
5 tens and 0 
4 tens and 9 


Point out that, since the grouping is 
by ten, we do not write the symbol 
for ten (10) in either the tens’ or 
the ones’ position. For example, if 
we had 3 tens and 10, we would 
write 4 tens and 0. A form of this 
rule will be an important part of 
the investigation. 


Investigation 

It is important that you help chil- 
dren understand what they are 
being asked in the investigation, but 
you should try to do so without 
preempting their opportunity for 
discovery. The goal of the investi- 
gation is for children to take the 
fourteen pencils and group them 
in various ways, such as in groups 
of five, seven, or three. They are to 
record their groupings as shown in 
the example. The rule requires that 
the number which shows how many 
groups or singles never equal or 
exceed the number in the group. 
For example, 4 threes and 2 is not 
acceptable because 4 is greater than 
three, the number in the group. 
Some acceptable responses are as 
follows: 


2 sevens and 0 1 ten and 4 
1 eleven and 3 2 sixes and 2 
2 fives and 4 


1 eight and 6 
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3 fours and 2 (base four) 
2. a How many groups of four dots 
are in this set ? 3 


B How many dots are left over ? 3 


c What numeral in base four 
tells how many dots are in 
the set ? 33,4) 


@ Let's explore different bases for numerals. 


Investigating the Ideas 
FOURTEEN PENCILS 


MHMMIID \ cosa 
MU 


How many other ways 
can you find to group 
fourteen pencils ? 


Myf / 






Record only the 
groupings that follow 
the grouping rule. 


Discussing the Ideas 


1. Study the chart below. Then explain how to write a numeral 
for some of the grouping you did in the Investigation.See Discussion. 





C2 ca 


3. Explain how to write the base-five and base-six numerals 
for the set of dots. 30¢5) 


236) 





Discussion 

As you discuss exercise 1, present 
a few more examples until some of 
the children are able to explain the 
meaning of these numerals. For 
example, write other base numerals 
for fourteen: 


2 fives and 4 (base five) 24; 
2 sixes and 2 (base SIX) 22G5 
I eight and 6 (base eight) 16, 


It is essential that the children 
realize which digit shows the num- 
ber of groups of the base number 
you have. Thus, the “2” in 24: 
represents 2 groups of five, while 
the “2” in the same position in 
224) represents 2 groups of six. Use 


exercises 2 and 3 to discuss how 
different groups are represented by 
digits according to the base indi- 
cated by the subscript (the sub- 
script is the small base number 
written in parentheses to the side 
and slightly below the numeral 
digits). A numeral in a base other 
than ten is read by using the names 
of each digit. Thus, ‘32,,)” is read 
“three, two, base four” and ‘*24,,)” 
is read “‘two, four, base five.” 


3 fours and 2 

f t 

ing Rule | These numbers are 
Grouping less than the group size. 





Grouping by fours 


* 4. Study the example. Then complete each sentence. 


















Using the Ideas 


1. Write the base-four numeral for the number of each set. 
(Example: For 2 fours and 3, write 23,4.) 


A 
224) 


D 
234)(@ @ @ @) 
(eee) 


B Cc 

13¢4) e 63%4(B 8 BB 
e 
° 


F 


Oa e 


E 
124) 






(oie te) 
@ #42) 


2. Write a base-four numeral for the number eleven. It may help 
to draw and group eleven dots. 23,4) 


3. Continue the counting in base four. 


IN jit 


i 
4)| 3 \4)132¢4) 





(Example: 32,4) means 3 fours and 2 or 14 in base ten.) 
A 23 (4) means 2 fours and 3 or ___? __ in base ten. |! 
12,4) means 1 four and ||| or __ ? __ in base ten. @ 

31 (4) means ||lll fours and 1 or __ ? __ in base ten. \3 
30,4) means |\lll fours and lll or ___ ? __ in base ten. 12 
21(4) means ||l|| fours and |jlll or ___ ? __ in base ten. 9 
20(4) means |llll fours and jill or ___ ? __ in base ten. 8 
10(4) means || fours and ||ll or ___ ? __ in base ten. 4 
13(4) means ||| fours and ||| or — ? __ in base ten. 7 


za 7 moO 0 DB 

















Using the Exercises 

Depending on the abilities of the 
children, assign the exercises on 
page 33 either as independent work 
or as group work. Note that all of 
these exercises deal with base-four 
numerals. Exercise 3 gives children 
an opportunity to count in base 
four. It may take a while for some 
children to realize that 10,4) is not 
“ten,” and that 12,4) is not “twelve.” 
Reading these numerals properly 
(for example, “one, zero, base 
four’’) will help develop proper con- 
cepts of place value in whatever 
base the child is working. 


70-81, Wiley. 


Resources for Active Learning 

Mathematics in Modules, WN18, 
Addison-Wesley. 

Nuffield Project: Computation and 
Structure 2, “Place Value,” pp. 


Assignments (page 33) 


Mathematics 
In our base-ten numeration system, 
we group objects by tens and use 
place value to write numerals for 
numbers. This grouping by tens is 
probably related to the fact that 
man has ten fingers. An interesting 
game for students is to use group- 
ings other than ten and write other 
numerals for whole numbers. 
Suppose we agree to group by 
fours rather than tens, as illustrated 


According to the new place-value 
agreement, we would write 2212 
for the number of cubes in the fig- 
ure. Instead of representing the 
number two thousand two hundred 
twelve, the numeral 2212 now rep- 
resents 2 sixty-fours, 2 sixteens, 
1 four, and 2. To indicate that 
the numeral represents base-four 
groupings, let us agree to write it as 
2212.4). Of course, we do not bother 
to use the subscript to indicate the 
grouping for base ten; it is under- 
stood that the usual grouping is by 
tens. 


Follow-up 

Children may explore base four by 
using sugar cubes to build rods, 
layers, and blocks, according to the 
following equivalencies: 


4 single cubes — | rod (of 4 cubes) 

4 rods > 1 layer (of 4 rods or 16 
cubes) 

4 layers > 1 block (of 4 layers, 
16 rods, or 64 cubes) 


Other children may enjoy prac- 
ticing grouping and writing num- 
bers of items in base-four numera- 
tion, such as 12 erasers, 13 pencils, 
8 sheets of paper, 9 pins. 


Minimum: 1-2. Average: 1-3. 


Maximum: 1-4. 


Workbook, page 9 


2B 























PAGES 34-35 
Objective 

Given simple addition and multi- 
plication problems with base-four 
numerals, the child will be able to 
give the sums or products in base- 
four notation. 


Preparation 
Materials 
counters (15 per child or per group) 
Review with the children the 
writing of various 2-digit base-four 
numerals and their meanings. For 
example, write 13,4, and ask chil- 
dren to name the base-ten numeral 
it represents. (They should respond 
*“*13,4 1s 1 four and 3, which is 7.’’) 
Use several examples of this type: 


2314) 2 fours and 3 or 11 

10,4) 1 four and 0 or 4 

20,4) 2 fours and 0 or 8 

3 lea 3 fours and 1 or 13 
Investigation 


In this investigation, children are 
given an opportunity to concretely 
add and regroup in base four. Let 
the children attack the problems in 
the investigation in whatever way 
they choose. Some may immediate- 
ly arrange their counters into two 
groups of 4, and 3. When they add 
the 2 more counters to their origi- 
nal arrangement, they must regroup 
the counters. If children give 25,4) 
as the answer, remind them that, 
just as we would never use an 
“eleven” in the ones’ place in base 
ten, so also we do not use a “‘five” 
in the ones’ place in base four; 
rather, we regroup to form an ad- 
ditional group of four so _ that 
234) + 24) = 314). Some children 
may need to have other examples 
suggested before they make up 
their own; for example: 


30,4) it 3 (4) 124) fh 13.4), 
224) ak 2(4)> 2 1¢4) ae 3¢4)> 
13,4) id 3¢4)> I (4) if 20,4); 
10,4) ef: 134), 3¢4) a 234) 
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See Discussion. 


as 31 (4) . 


is correct. 


Result is 3. 





1. a Explain how you can use 
sets A and B to “prove” 
this equation is correct. 
12(4) + 134) = 31,4) 


Combine and regroup sets 
Aand B as 3 sets of four 
and | more, whichis written 


B Use sets A and C to help 
you “prove” this equation 


12(4) — 3(4) = 34) 
Regroup set A as O fours 
and ©, and subtract set C. 


Investigating the Ideas 


Study the diagram below. 


oS oe nelnslad AD es 


34) . 


Can you use a set of fifteen 

or fewer counters to help you 

write and solve some We F- i 
base-four problems ? ZTnvestigation. 


Discussing the Ideas 


SetA 






V/ 
V// 
// 


Set B 


Set C 


2. How could you think of Set B twice to “prove” this 
equation is correct ? 
2(4) X 13(4) = 32,4) 
Doubling set B would give 2.groups of four and 6 more, 
34 Which can be regrouped as 3 groups of 4and 2 more, or 32 (4): 


® Can base four be used in computing? 


204) 


eae oe ae 








Discussion 
As you discuss the investigation 
problems and exercise 1, stress the 
fact that every four counters must 
be thought of as a group. Thus, 3,,) 
+ 2:4, counters must be regrouped 
from five single counters to | group 
of four and | single. Point out the 
similarity with adding numbers in 
base ten, such as 6+ 5, which in 
base ten must be regrouped from 
eleven single counters to one group 
of ten counters and | single. 
While discussing exercise 2, re- 
call with the children that 2 times a 
number can also be found by think- 
ing of adding that number to itself. 
Note that, although exercises 1 and 


2 deal with both addition and multi- 
plication, there is no intention of 
having children master algorithmic 
skills in base four. The entire les- 
son should be an enjoyable investi- 
gation based on an understanding of 
place value rather than algorithmic 
processes. 














1. Copy and complete the addition and multiplication tables 


for base 


| 2] 


ofan fa 





four. 


Using the Ideas 














2. Find the sums. 











A 12,4) B 124) ce 224) D 
+14) +2(4) +1 (4) 
13@) 204) 23@) 


3. Can you find and correct 


the mist 


#6 should be 324). 





ake on Jim's paper ? 


|. 2@) 2 3@) 3. 3@ 











4. Find these products. a 
Ow 
Bae on eee OE tay te 1 24) 
x 24) x 3(4) x 2(4) 
124) 3304) 30) x2) 
30(4) 
pd 11,4) E 2344) F 13,4) 
x 24) x 1 (4) x 24) 
22@) 234) 324) 


5. Thinking about addition will help you find these differences. 











masa, eo 10a. cap 12\a; 
—2(4) —2 a) = 2(4) —2(4) 
C4) 24) 3a) 10 (4) 


Using the Exercises 

Encourage the children to complete 
the tables independently or in small 
groups. Circulate throughout the 
room to be sure that the tables are 
correct. The remaining exercises 
may be approached in a variety of 
ways. Some children may choose to 
use counters and concretely work 
through each problem, expressing 
their answers in base four. Others 
may choose to rely, heavily upon 
the addition and multiplication 
tables they completed in exercise |. 
Others may be capable enough to 
think through the regrouping pro- 
cess in base four. Encourage cre- 
ativity and a variety of solutions. 





Muttivlication 
Base Four 


ne \2¢q) 5. 104) © '3¢a) 








22 (4) E 21,4) 
+ 2 (4) +3 4) 
30@) 30H) 


X2 (4) 
\2@ 


%3 (4) 
21(4) 


x3() X2@) 


E220) Fi 31 
— 24) — 24) 
\2@ 23 (4) 
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Although some children will want 
to work independently, small-group 
co-operation in trying to solve such 
problems will often stimulate orig- 
inal thinking and aid children in 
attacking such problems. 


Assignments (page 35) 
Minimum: 1-2. Average: 1-4. 
Maximum: 1-5. 


Mathematics 

It is interesting and instructive to 
work with a base other than ten. It 
is not easy for adults to understand 
why children have difficulty with a 
problem such as 8+5= 13. On 
the other hand, how easy is it for 
someone new to base-four nu- 
meration to understand that 3 + 
3 = 12.4)? To investigate this prob- 
lem consider the sets in the follow- 
ing figure. Two sets of three are 
regrouped into one set of four and 
two more by a ring drawn around a 
set of four. Hence, 3 + 3 = 12 (1 
four and 2). 


O)O O 


This technique of grouping sets 
is the very one we use to introduce 
children to sums such as 8 + 5. For 
example, we present them with a 
set of 8 anda set of 5, as illustrated. 
We then have them ring a set of 
ten, and from this they see | ten 
and 3, or 13. 





Observe that while we need ten 
digits for base ten, we need only 
four digits for base four. The usual 
base-ten digits are 0, 1, 2,3, 4,5, 6, 
7, 8, and 9. Here we use 0, 1, 2, and 
3 for base-four digits. 

From this discussion, you can 
see that it is extremely important 
for children to have a firm under- 
standing of place-value concepts. 
This reason, perhaps more than 
any other, justifies the time spent 
in studying number bases other 
than base ten. 


Duplicator Masters, page 5 
Skill Masters, page 5 
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PAGES 36-37 
Objective 

Given a table of Roman, Greek, 
and Egyptian numerals corre- 
sponding to the usual Hindu-Arabic 
numerals, the child will be able to 
give the numerals for numbers 
in each of the three numeration 
systems, and conversely. 


Preparation 

To prepare for this lesson, you 
might exhibit 13 objects and ask 
the children to write both the base- 
ten numeral and the base-four nu- 
meral for the number of objects 
shown. When the children have 
written 13 and 31,4), point out that 








@ Let’s explore some old numerals. 


Investigating the Ideas 


This table shows three kinds of numerals used long ago. Roman 
numerals are still used today. Study the table and the examples. 


a 
ao 








Ai 

10 tt) 

100= % 

1000= 

1.000000 = 
RT 


Choice of numbers 


will vary. See 


the digits 1 and 3 appear in both 
Investigation. 


numerals. Ask if anyone knows 





Can you choose another number and write the 
numeral for it in each of the three systems ? 


another way of writing numerals 
without using the ordinary Hindu- 
Arabic digits (or their written 
names). Some children are likely 
to recall Roman numerals, which 
are presented in this lesson. It is 
unlikely that any will be familiar 
with Greek or Egyptian numerals. 


Investigation 

Allow time for the children to study 
the three kinds of numerals pre- 
sented in the table. It would be best 
not to discuss how numerals are 
formed in the three systems until 
the children have had an opportu- 
nity to select some number and 
attempt to form the numeral for it 
in each of the three systems. Chil- 
dren might then place the numerals 
for their numbers on the chalk- 
board; this should bring about a 
lively discussion and lead smoothly 
into the discussion exercises on the 
lower part of the page. 

Although you need not use the 
names of the Greek symbols with 
the children, they are given here 
for your convenience: 


| —alpha 10—iota 

2—beta 20—kappa 

3—gamma 30—lambda 

4—delta 40—mu 

5—epsilon 50—nu 

6 — sigma (bau) 60 —xi 

7 —zeta 70—omicron 

8—eta 80—pi 

9—theta 90—koppa 
100—rho 
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Discussing the Ideas 


1. Which numeration system would be harder to learn, 


the Egyptian or the Greek acca Why ? Tt has more symbols. 
Gree 


2. Does the Egyptian system have place value like our system ? No 


3. The Roman system does not use place value. When two 
Roman symbols are placed side by side, we add or subtract to 
determine the number represented. For example, when the 
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smaller number is represented on the right, we add. 


VI means 5 + 1, or 6. 


When the smaller number is represented on the left, we subtract. 


IV means 5 — 1, or 4. 


Explain what number each of these Roman numerals shows. 
a IX9 c XL4O 
B XI 11 p LX6o 


« MCitioo 
H CMooco 


E CD4oo 
F DCgéoco 





Discussion 

An important point to stress in the 
discussion is that none of the three 
ancient numerations systems il- 
lustrated in the investigation used 
place value as does our decimal 
system. The Egyptian system is an 
additive system. That is, each unit 
symbol of each order was repeated 
aS many times as necessary to rep- 
resent the given number. Thus 32 
was represented as 


ararell 


and 234 was represented as 


VANOIILL 


The order in which the symbols 
were written made no difference. 

Roman numerals present no dif- 
ficulty except, perhaps, the rules for 
adding and subtracting with regard 
to smaller and larger numbers rep- 
resented by the various adjacent 
Roman numerals. 

The Greek numeration system, 
which employed the letters of the 
Greek alphabet as numerals, was 
also an additive system. None of 
the three systems had a separate 
symbol for zero. 


5 MCMi900 


= 





. Write the Egyptian numeral for each of the following. 


a 14 
AU 


. Give the ordinary numeral oe each Egyptian numeral. 


e2FOOO MN LPO EEE OA 


A ry 83 


A 12xil 


A XIll 13 


a 1 through 20. \\\\' 
sB 10 through 100 fe ountng by tens 
c 100 through 1000 (counting by hundreds). 


C.6e 


B 23 172 p 1974 E lenos 653 
nasi nan DP9P ONIN an 
Pana Xesbonanal RFS5 40 


Loot IA 


. Write the Greek numeral for each of the Blowing. 
aA 322r8 


B 5804 ce 181i 


. Give the ordinary numeral for each Greek numeral. 
dD°798 


B pdd 134 C pre (85 


. Write a Roman numeral for each of the following. 


B 24xxivc 29xxIx bo D58LVIII 


. Give the ordinary numeral for each Roman numeral. 
p LIV54 


B IX9 c XIX19 


. Give the Roman numerals for the numbers 
HI, WV, V, VLVIL,VUL IX, X, Xb, XU, KUL, 

KIX, XX 

%, xX, XXX, XL,L,L% LAX, LXXX, XC, C 


V, XV, XVI, XVII, xvi, 


ccc, CO, 0,bc,Dbcc, DCCC, CM, M 


Using the Exercises 

Assign the exercises on page 37 as 
independent work. You may wish 
to place the main emphasis on the 


Roman numeral system. If 
assign exercises 5, 6, and 7. 
The Think problem can be used 
to provide some recreational math- 
ematics with Roman numerals. 
There are many different solutions 
that can be found. If exactly 10 
toothpicks must be used in each 
equation, the problem is harder. 
Some possible solutions follow. 


So, 


V+V=X lv =v 
X+1=XI [eV =NI 
L+I=LI prix =x 
1+11=10 


p 9576 


Using the Ideas 


29 


E 199/90 


E pf> 166 


E 149 F 3624 
CXLIX MMMDCXXIV 


eE CDIX409 


oF 


Resources for Active Learning 

Applied Mathematics Cards, *‘Ro- 
man Numerals,” Group 2/2, 
Schofield and Sims. (Available 
from Mafex Associates, Willow- 
dale, Ont.) 

Nuffield Project: Computation and 
Structure 3, pp. 10-11, Wiley. 


Assignments (page 37) 


Minimum: 5-7. Average: 1-2, 5-7. 


Maximum: 1-7. 





Mathematics 

The seven symbols of the Roman 
numeral system have come down 
to us through the centuries. There 
is evidence that early Roman nu- 
merals used only an additive prin- 
ciple. Thus, 4 was IIII, and 44 was 
XXX XIIII. The ‘“‘subtractive prin- 
ciple’? evolved much later. The 
usual rules for the ‘subtractive 
principle” are as follows: 


I is subtracted only from V or X 
when it immediately precedes 
either. 

X is subtracted only from L or C. 

C is subtracted only from D or M. 


However, if agreed upon, other 
subtractive rules could be used. 
For example, if we agree that I can 
be subtracted from L, then 49 in 
Roman numerals might be written 
as IL or as XLIX. 


Follow-up 

Encourage those interested to do 
further work on number bases or to 
do research on other number sys- 
tems. Some references may be 
found in the Books to Explore sec- 
tion on pages A30-A32 of the text. 
Other references follow. 


Adler, Irving and Ruth, Numbers 
Old and New. (New York: John 
Day, 1960). This book explains 
the counting methods of Aus- 
tralian natives and Mayan In- 
dians, and the fractions used by 
Egyptians and Greeks. (Avail- 
able from Longmans) 

Simon, Leonard, The Day the 
Numbers Disappeared. (New 
York: Whittlesey House, 1963). 
The author compares Egyptian, 


Greek, and Roman _ numerals. 
(Available from McGraw-Hill 
Ryerson) 


Smith, George O., Mathematics: 
The Language of Science. (New 
York: G. P. Putnam’s Sons, 
1961). Interesting stories in this 
book tell how Roman business- 
men struggled with Roman nu- 
merals and how the Babylonians 
discovered place value. (Avail- 
able from Longmans) 
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PAGES 38-39 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Review with the children any topics 
which seemed particularly trouble- 
some during the study of the chap- 
ter. It would also be helpful to 
write some numerals of 4, 5, 6, and 
7 digits on the chalkboard, and ask 
the children to show the expanded 
notation for each. Also, you might 
write pairs of numbers on the chalk- 
board and ask children to insert 
a greater than or less than symbol 
between each pair to form a correct 
inequality. 
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1. Give the numeral for each picture. 


A2546 


2. Solve these equations. 


A 6218 
B 7466 
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a 3458 = 3000 + 400+ t+850 
B 7391 = 7000 + 300+ 90+ s: 
c 1509 = 1000 + y + 9500 


5. Give the correct sign (<, = 
A 28 260 ||| 20 000 + 8000 + 200 + 60— 


B 45 024 iil 40 000 + 5000 + 200 + 402 
¢ 675 800 li 600 000 + 70000 + 5000 + 80> 


c 132 487 534 





p 6854 = z + 800 + 50 + 46000 
E 8006 = m + 6 8000 
F 4472 = 4000 + x + 70 + 2400 


3. For each number write an equation as in the example. 

(Example: 2734 = 2000 + 700 + 30 + 4) See Answers, TE. page 38. 
c 3975 
p 9218 


c 2796 458 
H 34681 075 


—E 84721 
F 76097 


4. Give the correct sign (< or >) for each |p. 








a 57 ill) 47 > F 623 ll) 432 > K 6421 lil) 6399> 

B 74 ll lh Tok c 651 | | 703 < . 7846 ill 5399> 

c 342 il lt 362< H 8426 | le 8326> m 9696 il 9710< 

p 324 ll 326< « 7521 Mn OL e n 646 387 ill 645 999~ 

E 236 ll 234> 5 9236 lh 8236> o 6287512 il 6 300 000< 





, or >) for each ll 


pe es 


Discussion 

If your main emphasis in this chap- 
ter has been on base-ten numera- 
tion and place value, you may want 
to limit the review to the exercises 
on page 38. The exercises on page 
39 review base-four numerals and 
Roman numerals. 

After children have finished 
working the exercises, check their 
work and allow time for questions. 

In working the Think problem, 
children must recognize that we 
consider a 4-digit numeral to be 
one that contains no zero in the 
fourth place; that is, the number 
of thousands cannot be zero for 
a 4-digit numeral. 


Answers, exercise 3, page 38 
3.A 6218 = 6000 + 200 + 10+ 8 
B 7466 = 7000 + 400 + 60+ 6 
C 3975 = 3000 + 900 + 70+ 5 
D 9218 = 9000 + 200 + 10+ 8 
E 84 721 = 80 000 + 4000 + 700 
+ 20+ 1 
F 76 097 = 70 000 + 6000 
+ 90. -:7 
G 2 796 458 = 2 000 000 
+ 700 000 + 90 000 + 6000 
+ 400+ 50+ 8 
H 34 681 075 = 30 000 000 
+ 4 000 000 + 600 000 
~ + 80 000 + 1000 + 75 





10. 


11. 


12. 





. Give the base-four numeral for each set. 





A 134) B 2\(4> c 30¢4) p '°¢4) 
$¢¢ 8 Leapbnelia [2] e@e@38 @ 
ee0ee 
¢ &% Bee: @ 
Give the base-ten numeral for each exercise. 
A 21449 B 3113 © 134@)7 dD 22410 £1044 -F 2a2 
. Write the Roman numeral for each of the following. 
a 1000 mM B 500D cn.Q0' xe d 34\\ 
. Combine the Roman numerals 
from exercise 8 to write 1593. 
MDXClll 
Write a Roman numeral for 


each of these. 
a 243 c 1256 —E 1974 


B 594 p 2349 F 1492 
A CCXLIIE CMCCLVI EMCMLYXXIV 
B DXCIV§ DO MMCCCXLIX F.MCDXCII 
Give the Roman numeral for 
each number in exercise 7. 


A\X BXIll C VII 
DX EW Fil 


What is the largest 4-digit 
number that uses only the 
digits 3, 5, and 7? 7753 








Workbook, page 10 
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CHAPTER 3 


Pages 40-67 


General Objectives 


To provide work with equations 
and solutions 

To review the basic operations 

To provide review of basic facts of 
addition, subtraction, multipli- 
cation, and division 

To develop some basic concepts of 
functions 

To stress the inverse relationships 
between addition and subtrac- 
tion and between multiplication 
and division 

To review the basic principles for 
addition and multiplication 

To provide experiences in working 
with the number line 

To provide word-problem experi- 
ences 


The initial pages of this chapter 
deal with the basic operations and 
relationships between them. The 
function machine is used to review 
the operations, and children are 
introduced to the use of n to desig- 
nate any input number. Following 
the introductory review with opera- 
tions and functions, particular re- 
lations between the operations are 
explored in more detail. Multipli- 
cation is related to repeated addi- 
tion, and division is shown to be 
equivalent to repeated subtraction. 
This is followed by a study of the 
inverse relations: addition to sub- 
traction, and multiplication to di- 
vision. 

Basic facts are then reviewed in 
a variety of ways. The function 
machine, equations to solve, and 
number-line games provide the 
children with practice of the facts 


in a way that replaces routine drill. 


Finally, children are given an 
opportunity to study the basic prin- 
ciples for addition and multiplica- 
tion and to apply them in solving 
equations. The concluding pages of 
the chapter constitute a review of 
the concepts treated throughout the 
chapter and a cumulative review. 
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Equations and Operations 


Mathematics 


The concept of a function is one 
of the most important ideas in math- 
ematics, yet it can be presented on 
an intuitive basis very early in the 
child’s experiences. Rather than 
present a precise mathematical defi- 
nition of function, we give exam- 
ples and point to some significant 
features. 


Set A Rule Set B 
Multiply by 2 
and add 1. 
(2440) 


If we take a number from set A, 
say 7, and apply the rule, we get 
exactly one number in set B. Hence, 
we get this set of pairs: 

(337), G15): 2a 

(40,81). 

One vital feature of these pairs is 
that for each first number there is 
only one second number. 

Here is another example. 


(12,25), 


Set A Rule Set B 
Multiply by 0 
ira and add 3. 
(Ox + 3) 


numbers 


Some of the pairs of numbers are: 
(1753);.2,3)9.(4,3)),033), 28533); 


Notice that, although every. second 
number is 3, it remains true that, 
given any first number, we get only 
one second number (in this case, 3). 

In summary, we have a set and a 
rule for each function. When we 
apply the rule to an element of the 
set, we get just one answer. Thus, 
for each function, we have a set of 
ordered pairs, no two of which have 
the same first number. 


Since a large portion of this chap- 
ter deals with basic facts and since 
we rely upon the inverse relation- 
ship between operations to arrive 
at subtraction and division facts, 
one of the most important mathe- 
matical concepts for the chapter is 
this inverse relationship. The fol- 
lowing definitions state the rela- 
tionship for both subtraction and 
division. 

Definition of subtraction: 


Let a, b, and c be whole numbers 
such that a + b = c. The number 
a is the difference c — b, and the 
number b is the difference c — a. 
In symbols, 
a=c—b,b=c—a. 


Definition of division: 


If a, b, and c are whole numbers 
such that b # 0 anda X b=c, 
thena=c~b. 


Notice that, in the definition of 
subtraction, we define an addend as 
a particular difference; and, in the 
definition of division, we define a 
factor as a particular quotient. 
Material such as that on page 52 
is derived from this inverse rela- 
tionship between the operations. 
That is, the children are asked to 
find differences by thinking about 
missing addends, and to find quo- 
tients by thinking about missing 
factors. 


Teaching the Chapter 


Materials 


Centimetre rulers (1 per child) 

Colored strips 

Number line, for demonstration 
and for children’s individual use 
(if available) 

Slips of paper, approximately 
20 by 9 cm 

Strips of paper, 
40 by 4 cm 


approximately 


Vocabulary 


add parentheses 
addend plus 

difference product 

divide quotient 

equals repeated addition 
factor repeated subtraction 
function solution 

minus solve 

multiply subtract 

number line sum 

operation times 


The first two or three lessons 
should indicate to you which chil- 
dren have difficulty understanding 
the meaning of any of the basic 
operations. Provide those children 
with materials such as sets of coun- 
ters and paper cups and encourage 
them to use these materials to show 
several equations from the first few 
lessons. During the lessons which 
deal with the number-line games, 
it would be helpful to provide each 
child with a small number line. 
This, however, is not essential; you 
might find it sufficient to display a 
demonstration number line prom- 
inently. You might also prepare a 
number-line stack for various num- 
ber-line games. 


Lesson Schedule 


Plan to cover the material in this 
chapter in about three weeks, 
though the time required for this 
material depends largely upon the 
background and abilities of your 
children. If your children have had 
a particularly strong or accelerated 
background, you might be able to 
cover this material in less than the 
recommended time. On the other 
hand, if your children are below 
average or have had a weak back- 
ground in arithmetic, you may 
choose to allot more than the rec- 
ommended time. 


Evaluation of Progress 


There are two criteria for evalu- 
ating children’s achievement in this 
chapter: mastery of the basic addi- 


tion, subtraction, multiplication, 
and division facts, and comprehen- 
sion of the concepts presented. You 
can easily determine from their suc- 
cess with appropriate exercises 
whether or not the children know 
the basic facts. It is much more dif- 
ficult to evaluate whether or not the 
children understand the more ab- 
stract concepts presented in this 
chapter. Specifically, do they under- 
stand the work with functions, the 
inverse relation between certain 
Operations, the number-line activi- 
ties, and so on? Such evaluation 
may best be made on a day-to-day 
basis rather than through use of a 
cumulative test. However, asample 
evaluation instrument is provided 
in the form of a chapter review at 
the end of this chapter. 

Much of the material in this chap- 
ter is included for the purpose of 
providing the children with neces- 
sary practice in basic facts. The 
function and number-line activities 
are intended to enliven what other- 
wise might be routine practice. 
Encourage as much discovery as 
possible while the children are 
working on these lessons. 

Cumulative and chapter reviews 
on pages 66 and 67 should help you 
evaluate the children’s progress. 
You may wish to use them as a 
guide in designing your own test. 


Resources for Active Learning 
GENERAL ACTIVITIES 


A Cloudburst, Vol. 3, Nos. 1115- 
1155, Midwest Publications 

Franklin Series: From Fingers to 
Computers, ‘“‘Napier’s Rods,” 
pp. 38-45, Lyons and Carnahan 
(Available from McGraw-Hill 
Ryerson) 

Math Activity Cards, CS, Mac- 
millan 

Mathex: Numeration No. 7, “Ex- 
periments with Numbers,” pp. 
16-19 (pupil pages 13, 14), En- 
cyclopaedia Britannica Publica- 
tions Ltd. 


Mathex: Operations and Problem 
Solving No. 8, pp. 1-6, Ency- 
clopaedia_ Britannica  Publica- 
tions Ltd. 

Modern Math Games . . ., ““Math- 
O Activities” and others, pp. 
5-9, 54, Fearon 

Notes on Mathematics in Primary 
Schools, ““Multiples,” pp. 11-14; 
““An Arrow Game,” pp. 94-102, 
Cambridge University _‘ Press 
(Available from  Clarke-Irwin) 

Nuffield Project: Problems—Red 
Set. No. 5, Wiley 

SMSG: Puzzle Problems and 
Games Project, ‘““Games with 
Addition and Multiplication Ta- 
bles,” pp. 97-109, Stanford Uni- 
versity 


MANIPULATIVE DEVICES 


Cuisenaire Rods (Cuisenaire Co.) 


“Invicta” Math Balance (Math 
Media; Selective Educational 
Equipment) 


Papy Minicomputer (Macmillan) 
SEE Calculator (Selective Educa- 
tional Equipment) 


COMMERCIAL GAMES 


Equations (Creative Publications; 
Wff ’N Proof) 

Heads Up (Creative Publications; 
Hammett; Math Media) 

Imout (Imout) 

Krypto (Creative 
Edmund Scientific) 

Numble (Hammett) 

Orbiting the Earth (Scott Fores- 
man) 

Playing Card Number Games— 
whole numbers (Heath) 

Quinto (Hammett; Selective Edu- 
cational Equipment) 

Real Numbers Game (Wff ’N 
Proof) 

Sum Times (Hammett; Selective 
Educational Equipment) 

The Winning Touch (CCM School 
Materials; school supplier) 

TUF (Creative Publications; Cui- 
senaire Co.; TUF) 

Twin Choice (Holt, Rinehart and 
Winston) 


Publications; 
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PAGES 40-41 


Objectives 

The child will be able to express 
a given number by writing expres- 
sions using the symbols +, —, X, 
+. The child will be able to recog- 
nize and write equations involving 
the four basic operations. 


Preparation 

Materials 

slips of paper, approximately 20 
by 9 cm 


To introduce this chapter, you 
might simply write the symbols +, 
—, X, +, = on the chalkboard and 
ask children what comes to their 
minds as they see them. Then ex- 
plain the title of the chapter and the 
first lesson, and proceed to the 
investigation. 


Investigation 

If you prefer, you might have the 
children simply list the expressions 
they can find that show 6. If chil- 
dren use an expression which con- 
tains a variety of symbols, accept 
it, but remind them to use paren- 
theses. The expression inside the 
parentheses should be worked out 
first. However, the important thing 
to emphasize is that one number 
can be symbolized in many different 
ways. 
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for the number 8. 






40 


Investigating the Ideas 


Each of these slips of 
paper shows a symbol 


How many slips of paper can you make 


that show symbols for the number 6 ? 








Discussion 

This discussion section progresses 
from the idea of many symbols for 
a number to the idea of relating 
these symbols in an equation. Some 
equations the children might give 
for exercise 1 are 4+2=6, 1+ 
23. = 8 — 2,9 = 3 = 2 X3;.and 
so on. 

As you discuss exercise 2, stress 
the idea that each symbol the chil- 
dren mention can be written with 
the visible’ symbols “= 12” in 
equation form. If necessary, point 
out the correct way to read the 
equal sign: ‘8 + 5 = 13” should be 
read, ‘Eight plus five equals thir- 
teen.” The concept in this lesson is 


N 


3 Equations and Operations 


® Let’s explore number symbols. 





RAST ae if S 
Use these digits 4 2; 9® 


and these signs. > Foxe 





See Investigation. 
4+Z 


Discussing the Ideas 


1. Study the chart below. Then give some equations by using the 
symbols you made that show 6. See Discussion. 


13 is asymbol for the number thirteen. 
We think: : 

8 + 5 is a symbol for the number thirteen. 
We write 


2. Give some symbols that might 
be covered in the figure. 
Sample answers: ©+6,8+4, 


2x6, 3x4, 
I3-1,2472 








fairly simple, so do not prolong dis- 
cussion unnecessarily. 








Sample answers: 
1+Z+3 
8-2 9-3 G=l 
2x3 Cxil 


(Many others 
are possible.) 














Using the Ideas 






. Each stack of six cards has symbols for just one number. 
Write what might be on the other 5 cards. Answers wil! vary. 







CAny symbol forten) (Any symbol for four) (Any symbol for eight) 





2. An equation for the top card in exercise la is 6 + 4 = 10. 
Write an equation for each of your answers in exercise 1. 
Answers will vary. 

3. Mark T (True) or F (False) for each statement. 
wc o=12.6 nyo eh 23x 1T 











5 Boe At=ol2cr mM (5+9)+7=5+ (94+ 7)T 
¢ 3+ 3 43 = 126 n (8 — 3) -2=8 — (3 —- 2)F 
p 6 x6 = 12F Oeltetes) <) 2-— 4 x (3 xX 25 
e 6 xX 2 aT p 3x 3= (2 x 4) +17 
Fale = l= (2 T ao 5x 5= (4x 6)+1T 
6b tel = 72-5 T rk 87/+5=85+7T 
ne <= 7. X%.5.7 wo ae 
1 8—-3=3-8F 

’ 384+9=9x8F 
kK 7x0O0=7+0F 


%* 4. Give symbols for ten 
different numbers. In 
each symbol, use each 

of the three digits 3,” 
“6,” and “9” only once. 
You may use parentheses 


and one or more of the 


signs, +, X, —, or +. 
Examples: (3 x 6) + 9 
Answers (9+ 3)-—6 
will vary. 


Sample answers: (3X9)-G6; (3+6)-9 3 (3 +9) +6; 
(6-3) +9; (9+6)+3 ; etc. 





Using the Exercises 

Assign the exercises on page 41 as 
independent work. Note that an un- 
limited number of answers are pos- 
sible for each part of exercise 1. 
Check exercise 3 carefully, asking 
children to give reasons for their 
answers. You might have those 
children who do exercise 4 check 
each other’s work. 

Some children may become frus- 
trated as they try to find the two nu- 
merals for the Think problem, but 
urge them to try to discover the 
symbols independently. After am- 
ple time, let those who solve it 
explain it to the others. 


Assignments (page 41) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Follow-up 
Suggest several numbers for chil- 
dren to name in several different 
ways. Numbers which are multiples 
of many numbers would be very 
suitable, such as 20, 24, 36, 40, 50. 
You might also suggest that chil- 
dren try to find as many numbers 
as they can which can be symbol- 
ized by using only 1, 3, and 5 in 
their expression; for example: 


sed) to), eo (1 +.5) —3 =3 
Oa 3)acad = le Cl £23545 =20 
(5 X3)+1=16 (5 xX 3)—1=14 


This same question may be sug- 
gested for any other combination of 
three single-digit numbers: 

214 162), Oc Oe Ano FeLG 


Resources for Active Learning 

Developmental Math Cards, 
“‘Number Sentences for 1000,” 
129, Addison-Wesley. 
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PAGES 42-43 
Objective 

Given simple word problems, the 
child will be able to apply his un- 
derstanding of the four basic op- 
erations to solve them. 


@ When do you add, subtract, multiply, or divide? 


Investigating the Ideas 


Mary wrote and solved 
this problem for the 
stamp picture below. 


Preparation 

To prepare for this lesson, you 
might suggest two numerical items, 
such as 8 teams of 5 members each, 
and ask the children if they can 
think of a problem involving them. 
Then proceed to the investigation. 


Investigation 

In this investigation, it is expected 
that the children will write a prob- 
lem for each picture and write and 
solve an equation for each picture. 
The operations most obviously 
suggested by the pictures are, in 
order, multiplication (3 X 6 = 18), 
subtraction (12 — 2= 10), and di- 
vision (32 + 4 = 8). However, chil- 
dren may use any operation for any 
of the pictures, as long as it is ap- 
propriate to the problem they have 
written. In an investigation of this 
type, although each child is ex- 
pected to write his own problem, 
free sharing of ideas will help stim- 
ulate ideas. 


Can you write and solve a problem for each picture below ? 
Answers may vary. See Investigation. 





40 ml each 


Discussing the Ideas 


1. Make up a problem using one of the operations (+, —, x, ~) 
and tell it to the class. Answers will vary. 


2. Suppose each ||l| covers a numeral. Which operation 
(+, —, X, =~) would you use to solve this problem ? Subtraction 
\llll boy scouts now. 
\lll| boy scouts needed for a full troop. 
How many more needed ? 


3. Make up a problem that uses two operations and tell 
it to the class. Answers will vary. 
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Discussion 

Although this lesson appears to be 
built around problem solving, the 
main purpose of the lesson is to 
review the concrete meaning of the 
operations. Thus, when you discuss 
the problems the children have 
written, stress the concept of each 
operation, so that each operation is 
considered in a concrete, physical 
situation. 

The purpose of discussion exer- 
cises | and 2 also is to stress the 
meaning of each operation. If chil- 
dren happen to repeat one or two 
operations while neglecting others, 
ask for problems specifically in- 
volving the neglected operations. If 


possible, have the children write 
one equation for the problems they 
suggest in exercise 3, using paren- 
theses where necessary. 








Use A, S, M, or D to tell which operation or operations 
(Addition, Subtraction, Multiplication, Division) you 
would use to find the answers if numbers were given. 











1. |\lll girls’ bikes. || boys’ 10. |llll nickels. How many cents? M 
bikes. How many bikes ? 4 : ; 
11. {lll nickels. |[lll dimes. 
2. lll girls in the choir. How many cents? M,A 
d .H 
ME imioved away. HOW MANY 115" marge battles of pop. 
girls in the choir now ? S 3 
Ili mt in each. |llll small 
3. Bob, lll years old. Don, bottles of pop. |i ml in 
\iill years old. How much each. How many ml in all ? M,A 
Ider is Bob than Don? S 
BES eer aar Byes 13. Have lll cents. How many 
4. |\lichocolate cookies in \llll-cent stamps can you buy? 0 
each box. ||| boxes. 
Hetiiany cookiesikt 14. |lll green marbles. 
\\ll| red marbles. 
5. Coin collection. lll coins in Each boy gets ||| marbles. 


all. |\ll on each page. How many boys? 4,0 


How many pages ? D 


6. Hiked |llll km in the 
morning, llill km in the 
afternoon. How many km? A} 


7. hl skirts. |llll sweaters. 
How many different outfits ? M | 


8. Butterfly collection. 
ill butterflies. |\lll boxes. 
How many in each box ? D 


9. Had |\\ll hockey cards. 
Gave |\ll away. Bought |. 
How many cards now ? S,A 


More practice, page A-3, Set 5 





Using the Ideas 
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Using the Exercises 

On page 43, read the directions 
with the children, and then instruct 
them to do the exercises. Some 
children may have difficulty deter- 
mining the operation for exercise 7. 
This, of course, expresses the idea 
of product sets. With each skirt, 
the girl could wear one of her 
sweaters; hence, this type of prob- 
lem involves the idea of multiplica- 
tion. 

When the children have finished 
these exercises, be sure to allow 
time for discussion of each exer- 
cise. 


Assignments (page 43) 
Minimum: 1-5, oral; 6-10. 


Average: 1-10. Maximum: 1-14. 





Follow-up 

Have children make up problems 
and write them on task cards to be 
filed for occasional practice in prob- 
lem solving. They might use pic- 
tures from magazines or catalogues 
to suggest ideas and to illustrate 
the problems. 


Resources for Active Learning 
Developmental Math Cards, H*16, 
Addison-Wesley. 





Duplicator Masters, page 6 
Workbook, page 11 
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PAGES 44-45 


Objectives 

Given an equation using one of 
the four basic operations, the child 
will be able to rewrite the equation 
using the inverse operation. 

The child will be able to restate 
a given repeated addition problem 
in terms of multiplication and to 
restate a given repeated subtrac- 
tion problem in terms of division. 


Preparation 
Unless you prefer to spend a few 
minutes reviewing problem solving 
with one of the four basic opera- 
tions, proceed to the investigation 
immediately. 


Investigation 

The key to this investigation is free- 
dom of choice for the child. En- 
courage children to find as many 
equations as they can; for example: 


4+4+4=12;12—4—-4-4=0; 
12+4=3;12+3=4;4x3=12. 


For those who finish quickly, you 
might write on the chalkboard an- 
other situation which could be 
described by various equations, 
such as 4 rows of 6 chairs, or 7 
teams with 5 members on each. 


44 


picture as showing 


3.x 4.= 12 
or 
4+4+4+4=12. 


4t3=7; 3+4=7; 
7-3=4)3 7-423 
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You might think of this 


Can you use a set of 12 
objects and show some 
other arrangements ? 


Discussing the Ideas 


1. Give the two addition 
and two subtraction 
equations suggested by 
these sets of figures. 


® How are the operations related? 


Investigating the Ideas 


BS 


3 sets of 4 















aTTAnG etna S: 


2. Give one addition, one ct 3 - hie 
multiplication, and one x 2 a 
division equation for a o aoe 
these sets. 4+4+4+4+4=20 Cl es ete 
errant, wih 5 sets of 4 

3. Rewrite each equation. Use an ce 24 H 
operation different from the one &=6 
given. (Answer to a: 18 + 6 = 3) 18 
Ane e Or IS=3=6 = 
B / xX 3 = 21 21+7=3 or 21-3=7 Me 
¢2+24+2+2=8 4x2=8 oO 
p 6+2=3 axz=e6 6 
E 5 x 6 = 30 30+5=6 or 30+6=5 =6 
F8+8+4+8= 24 3xe=24, ) 

24+62-4 





Discussion 

The main purpose of this lesson is 
to review the relationships between 
the operations without unduly be- 
laboring these ideas. It would be 
helpful to first discuss the equa- 
tions children thought of for the 
investigation. Be sure to. relate 
4+4+4=12to3x4=12 and 
to relate 3 X 4= 12 to 12 +3 =4. 
(The equations 3 x 4 = 12 and 
12 = 3 X 4 are considered to be the 
same equation.) 

In exercise 1, be sure the chil- 
dren see how the figures suggest 
the concepts of combining and of 
separating into groups. In exercise 
2, children might also give a sub- 


traction equation: 20—4—4—4 
—4-—4=0. Throughout the dis- 
cussion, relate the equations to the 
physical situation suggested by the 
picture; this lesson presents a con- 
crete view of relationships between 
operations. The children may need 
considerable discussion before find- 
ing the equations for parts G and H 
of exercise 3 (24 + 6= 4 and 15 + 
5 = 3). 


Write an addition, subtraction, 
multiplication, or division 


equation for each of your — 
Answers will vary. 


2 Investigation. 













EY tb te 


15 15+5=3 
me 
10 
Bras) 
= 
=o 
0 

















Mathematics 

It is important that children under- 
stand the inverse relationship be- 
tween addition and subtraction as 
well as the inverse relationship be- 
tween multiplication and division. 
Finding the difference of two num- 
bers is equivalent to finding a miss- 
ing addend in an addition problem. 
Similarly, finding the quotient of 
two numbers, can be shown to be 
equivalent to finding a missing fac- 
tor in a multiplication problem. The 
two examples below illustrate these 
ideas. 


Using the Ideas 


1. Write an addition and a multiplication equation for each set. 
a OtO+O=18; 3xG=18 gp 3+3+3+34+3=15 3; 5x3=15 


- a ES 
) 
6 





2. Write one multiplication and one 
division equation for this set. 
4x2=8; 8+4=2 or 8=2=4 










3. Write two addition and 


two subtraction equations 
for this set. 4*47°'4*2=¢: 


This difference 





@-2=4; 6G-4=2 


has been found 


s ah 


9—6=n 


This quotient 
has been found 


when this addend 
has been found. 


ra S 


n+6=9 


when this factor 


has been found. 


P F P/F P 
Nn x4 — 28 


4. Match each equation in the first 
column with an equation having 
the same solution in the second 
column. 
aAvT—3=n2 118+9=n 
B8+8=n7 2n+3=7 

nx9=19 pp 313'—7 =n 

15-—8=ne6 425+-5=n 

Ox7=2164583 xX3=n 

n+7=133 6n+8=15 

34+34+3=mns572x8=n 
nx 52540221 =7=n 





Follow-up 

If children need more work with 
related equations, prepare a work- 
sheet of exercises similar to exer- 
cise 4. 


Match the following equations. 





zon7nmmoa 


AnxX4= 16 
Bn+8=2 
C3xX9=n 
Desist Se 


.3xX5=n 


More practice, page A-3, Set 6 45 .16+4=n 


4 7X H=56 
.2xX8=n 
.9+94+9=n E 56+-n=7 








Using the Exercises 

Assign the exercises on page 45 as 
independent work. When the chil- 
dren have finished, check their 
work and allow time for questions. 
Exercise 4 should be treated care- 
fully inasmuch as children must 
have a fair grasp of the relation- 
ships in order to match the equa- 
tions correctly. 

Some children may have difficul- 
ty with the Think problem; how- 
ever, when the answers 2 and 0 are 
given, most should understand that 
both these answers will make the 
equation true. 


Resources for Active Learning 

Discovery, Section II, Unit 17/5,6, 
Encyclopaedia Britannica Edu- 
cational Corp. 





Duplicator Masters, page 7 
Skill Masters, page 7 


Assignments (page 45) 
Minimum: 1-3. Average: 1-4. 
Maximum: 1-4. 
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PAGES 46-47 
Objective 

Given an input number, n, and a 
simple function rule, the child will 
be able to apply the rule and find 
the output number. 


Preparation 

To prepare for this lesson, you 
might give children an opportunity 
to work with function rules orally 
by playing the “What’s My Rule” 
game. Ask the children to give you 
a number; then apply a rule of your 
choice to that number; and respond 
to the children by giving the num- 
ber resulting from application of 
your rule. 

For example, if a child gives you 
the number 7 and you are using the 
rule n + 2, you would respond with 
9. After several such exchanges of 
numbers, have the children try to 
guess what rule you were thinking 
of. 

You may vary the game by hav- 
ing the children take turns thinking 
of a rule while the class guesses 
this rule by giving numbers. For 
this particular lesson, it is most de- 
sirable that the rule be related to 
simple addition facts. 

To give slower thinkers a chance 
to play the game, ask the children 
who believe they know your rule 
to cross their arms over their 
chests. Then when you call on 
them, they should ask you for an 
input number and respond with an 
output number according to the 
tule they think you are using. If 
they are correct, you can tell them 
so and continue to call on those 
who do not yet know the rule, until 
most children discover it. 
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@ How does the function machine work? 


Discussing the Ideas 


1. You can think of yourself 


as a function machine. 


input number + 4] 


Study the picture. Then 
use the rule to give the 
output for each of these 


input numbers. 
A Oa7 E 
B 610 F 
c 812 G 
dp 1014+ H 


04 
913 
1216 
1822 


. In how many ways is this 
function machine different 
from the one above ? Use 
this new function rule to 
give output numbers for 
each of these inputs. 


A E 


F 
G 
H 


. Sometimes we write a 
function rule like this: 


Output number = n — 2 


We can use a table to 
record input and output 
numbers. Give the missing 


numbers. 


Discussion 

As you work through discussion 
exercise 1, be sure the children see 
the correspondence between the 
picture of the child and the function 
machine: the child hears the num- 
ber 5, the number 5 is put into the 
function machine; the child thinks 
“‘add 4,” the machine applies the 
rule “input number plus 4”; the 
child says the number 9, the ma- 
chine shows the number 9 as the 
output number. 

In exercise 2, help the children 
see that n is used instead of the 
phrase “input number.” Also, the 
function rule differs from that in 
exercise 1; thus, the output num- 


ber is different even though both 
exercises began with the same in- 
put number, 5. 

In exercise 3, the children are 
encouraged to think of the output 
number as the result of the function 
rule applied to n, the input number. 
The main purpose of this discus- 
sion is to review the operation and 
use of the function machine and 
function tables for children who 
studied from Investigating School 
Mathematics last year and to intro- 
duce the function machine to those 
who have not encountered it before. 














Mathematics 

You will recall from the discussion 
of functions in the mathematics 
section for this chapter that one 
of the key properties of a function 
is that the function associates with 
each number of a given set exactly 
one number from another set. You 
may wish to reread that section in 
preparation for this lesson. 


Using the Ideas 


For exercises 1 through 6, think about the function machine 
and complete the function tables. 


uP Function Rule 2. Function Rule 3. Function Rule 
n+6 n= 1 8+n 


Follow-up 

Encourage children to make up 
function rules of their own. Some 
capable children may enjoy making 
rules similar to those in the starred 
exercises, applying different rules 
for different conditions. 





5. Function Rule 6. Function Rule 
n+n+4+1 AN+1o 
Resources for Active Learning 
Inquiry in Mathematics via the 
Geoboard, ‘‘Linear Graphs,” 
Geo-Cards 25/1—26/6, Walker. 
(Available from Fitzhenry and 
Whiteside) 


Output 








Workbook, page 12 


For exercises 7, 8, and 9, give the output 
for each input number, a, B, c, and pb. 


+ 10, if nm is even 
* 7. output = i pares 
rl ihe fs + 5, if nis odd ] \2 iS \o 30 


anesthe athe otis GAO4 te MTAs 0.100 
n + 100, otherwise \8 \30 21 200 


n x 10, ifm < 10 
RETNO, Arr Sona one ee te asa Suet? 28, 


* 8. output = 


* 9. output = } 

















Using the Exercises 

Assign the exercises on page 47 as 
independent work. Note that exer- 
cises 7, 8, and 9 are starred, but 
all the children might be able to do 
them if you help them realize that 
they must apply a different func- 
tion rule depending on which con- 
dition each input number satisfies. 


Assignments (page 47) 
Minimum: 1-5. Average: 1-6. 
Maximum: 1-9. 
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PAGES 48-49 


Objective 

Given a multiplication or division 
problem, the child will be able to 
relate it to repeated addition or re- 
peated subtraction, respectively. 


Preparation 

It would be appropriate to begin 
this lesson immediately with the in- 
vestigation. However, if you prefer, 
use the ‘“‘What’s My Rule” game 
as suggested on page 46, stressing 
a review of basic multiplication 
facts. 


Investigation 

Direct the children first to study 
the “automatic 8 multiplier.” If you 
have them work in groups, encour- 
age them to explain to one another 
how they think this will help them 
find the quotients and products for 
A-—E. Even if the children are 
working in groups, each child 
should make his own multiplier 
using a number other than 8. Then 
each child may write problems for 
his multiplier and have other chil- 
dren in his group try to solve them 
by using the multiplier. 

As children work on activities 
such as this, circulate throughout 
the room, spot checking for compu- 
tational accuracy on the multiplier 
and asking questions to evaluate 
children’s understanding of what 
they are doing. 


48 
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Discussion 

The most important point treated 
in this lesson is the relation of re- 
peated addition to multiplication 
and repeated subtraction to divi- 
sion. 

Exercises | and 2 provide an op- 
portunity for you to have several 
children explain how they use the 
multiplier and divider. Exercise- 3 
extends the discussion into consid- 
eration of repeated subtraction. 
Note that, even though the nota- 
tion of one-sided parentheses is 
new, children should not be trou- 
bled if you point out that it simply 
means to subtract each six one at 
a time. 


Investigating the Ideas 


and divider for a number other than 8 ? 





Discussing the Ideas 


BN axXao = Y jac 
Cc o:x=15.="a 120 





@ Let’s explore multiplication and division. 








Use the Automatic 8 Multiplier and Divider 
to find these products and quotients. 
a 9x 872 B 13x Bi04c 104= 813 pv 120 = 815 e 16 x 8128 


Can you make and use an automatic multiplier 


See 
Investigation. 





1. Solve these equations. Use the 8 Multiplier. 
A /o28= nN 56 


pd 8x12=toe « 136=8=my\7 
E 14.% 6 = Site H 128=8=bi6 
F 96-8=q\2 1 88+=8=u11 


2. How can you figure out the product 18 x 8 by looking 
at the 8 Multiplier ? Sample answer: Find the product lox 8 and 


add 2 more eights, 


3. The Automatic Multiplier uses repeated addition to find 
products and quotients. The example below uses repeated 
subtraction (subtracting one 6 at a time) to find quotients. 
42 +6 =n-—-+ 42 — 6) — 6)- 6) — 6) — 6) —- 6) -6=07 
a How many sixes were subtracted to get from 42 to 0? 

B What is the quotient for 42 +~ 6? 7 
c Subtract one 3 at atime to find 51 =~ 3.\7 




















Follow-up 

Encourage children to make up 
problems for the multipliers and 
dividers they made in the investiga- 
tion. They may then give these 
problems with their multiplier to 
another classmate in exchange for 
his. Remind the children that their 
problems must be solvable by 
means of their multiplier. 


Using the Ideas 


1. Use this Automatic 13 Multiplier to find the products and 
quotients. 





Duplicator Masters, page 8 
Aa OoXe13 = Fos Er T3exe9. Sas 17 1 91+=13=t7 

B Sixes 04 oF. 13 xX 1 = dl43 J 143 =13=yn 
cn13S x 4= n's52 a. Lb solar 9 k 104=13=ws 
De l2 se Sia 156 n.,.52. = 13.— m4. 95156. 2413.=.c.i2 


2. Find each sum and product. 
a6+6+6+6=n24 
4x6=n24 


B4+44+4+4+4+4+4=r20 
Bex 4 = 7' 30 


ce 9+9+9+9=t36 
AN se @) ae gle yas 


Sete) +118 190 44 
AMO mad 


3. Write a division equation 

for each correct repeated 

subtraction. Two are incorrect. 
30-—6-—6-6-6-6=0 
36 -9-9-9-9=0 
48-8-8-8-8-8 
24-6-6-6-6=0 
28 -—7-—7-7-—-7-7=0 
48 —12-—12—12-—12=0 
A 30+6=5 D2A+=6=4 


B 36+9=4 €E Incorrect 49 
C Incorrect —-48~12=4 





"mon wD pb 








Using the Exercises 
Assign the exercises on page 49 
as independent work. Although 
these exercises review some multi- 
plication facts, the main emphasis 
is On understanding the relation- 
ship between the -operations, as 
mentioned in the statement of the 
objective for this lesson. Allow 
time for discussion and checking 
papers when the children have 
finished the exercises. 
Analysis of the Think problem 
should stimulate an_ interesting 
class discussion. Urge those stu- 
dents who solve it to share the Assignments (page 49) 
method they used with the rest of | Minimum: 1-2. Average: 1-3. 
the class. Maximum: 1-3. 
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PAGES 50-51 
Objective 

Given an equation involving one 
operation, the child will be able to 
solve the equation by applying his 
understanding of the relationship 
between inverse operations. 


Preparation 

If you choose to begin with an oral 
practice session, use some mental 
chain games to review basic facts. 


“Start with 6... Multiply by 
7...Add3...Divide by 5... Add 
aaa Divide by 2°... Whatsi my 
number?”’ (6) 

“Start with 25... Divide by 
5... Multiply by 5... Add zero... 
Divide by 1... What’s my num- 
ber? (25) 

“Start with 49. .. Divide by 7... 
Add 3... Multiply by 4. . . Divide 
by 8... Add3... Multiply by 8... 
What’s my number?” (64) 

If you prefer, begin immediately 
with the investigation. 


Investigation 

The purpose of this investigation 
is to help children realize that sub- 
traction is related to addition and 
that division is related to multipli- 
cation. Unless children understand 
that the terms (addends and sum) 
in a subtraction equation are the 
same as in an addition equation, 
and that the terms (factors and 
product) in a division equation are 
the same as in a multiplication 
equation, they will have difficulty 
finding equations to write for the 
numbers 6 and 4. Do not give close 
guidance; let the children study the 
examples and figure out the direc- 
tions by themselves. You might, 
however, tell them that there are 
eight possible equations. 


6+4=10 6x4=24 
4+6=10 4x6=24 
10-6 =4 24+4=6 
10—4=6 24+6=4 
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Discussion 

In discussion exercise 1, point out 
to the children that for the first 
function machine they are to think 
about adding 3 to a number and in 
the second function machine they 
are to think about subtracting 3 
from a number. Therefore, by con- 
sidering the output number from 
the first machine as the input num- 
ber in the second machine, they are 
assured that each time they will get 
an output in the second machine 
that is the same as the input in the 
first machine. The general concept 
emphasized here is that if we start 
with a number, add to it, and then 
subtract that same addend from the 


You can think of 
Addends and aSum 
in both addition 
and subtraction. 


2. These two function machines help you see how multiplication 
and division are related. Which numbers are factors and 
which is the product? 4and 6 are factors; 24 is the product. 





@ How are the operations related? 





Investigating the Ideas 


You can think of 
Factors and aProduct 
in both multiplication 
and division. 


How many different equations can you write using 
6 and 4 when both are addends or both are factors ? 





See Investigation. 





Discussing the Ideas 


1. The two function machines help you see how addition and 
subtraction are related. Which numbers are addends and 
which is the sum ? 5 and 3 are addends; 8 is the sum. 












sum, we will return to the number 
with which we started. 

Develop exercise 2 similarly. 
You might present other examples 
which emphasize the inverse rela- 
tionships between addition and 
subtraction and between multipli- 
cation and division. 

















1. Find the missing addend in the addition equation. Then write 
the subtraction equation with the correct difference. 
an+7=125¢ r+8=157e 6+5=1386 t+ 18 = 246 
13-5=68 24-18=t6 
Ba+6=137p s+9=145F n+9=178n q+ 27 = 362 
14-—9=s5 17-9=n8 36-27=q?2 


12—7=n5 15-—8=r7 
13-6=a7 


2. Find the missing factor in the multiplication equation. 
Then write the division equation with the correct quotient. 
Rel) eee 2 Cite) — 10 9 EA) Xe3!=279'e ax. 6 = 549 
32-+4=n8 45=5=n9 27+3=n9 54+6=a9 
eB tx.6=—42 fox 8 =405F px 8= 8! 


42+6=t/7 40+8=n5 8+8=p! 


3. In multiplication we find the 


In division we find one of the P 


factors of the product. ———————_~ 24 = 4=n 24—6=n 


Find the missing product or factor. 


So Bie FF P 
Ao x Oo Sin pd nx 6= 42 
- F F Ht P F F 
B54—-9=n ce 42-—-6=n 
6 » F FO bien EP ae 
c 54=n= F 42—-n=6 
6 Wh 


4. Which equation has no solution, 
which has many, and which has 
just one ? 

Manya 12 x 0O=0 

Ones nx5=0 


5. Use exercise 4 to explain why 
we do not divide by zero. 


cnxO=7 
None 


See Using the Exercises. 
More practice, page A-4, Set 7 


Using the Exercises 

Assign the exercises on page 51 as 
independent work. When children 
finish, discuss exercise 4 in particu- 
lar. Use equations A and C to stress 
the fact that since n xX 0 =0 can be 
solved by any number and since 
there is no number for which n X 
0 = 7, both 0 = 0 and 7 + Oare not 
defined; hence, we never divide by 
zero. 

In the Think problem, most chil- 
dren will see that the first row and 
one diagonal of the magic square 
are complete, so that the sum, 46, 
is the total they must find for each 
row, column, or diagonal. Some 
children may complete each col- 


F F P 
Drodtict LF) of the factots:(F).—- +- 0 x 4=n 





Using the Ideas 


n bx 8 = 486 
48 +8=b6 


F P FF 


51 








umn by finding subtotals of three 
known addends and _ subtracting 
this sum from 46. Others may com- 
pare the pattern of each row of 
numerals with a completed row. 
For example, to compare row 2 
(8, 14, blank, 11) with row | (19, 
5, 6, 16), they might think, “Since 
14 is 2 less than 16, and 8 is 2 more 
than 6, these two pairs are equal. 
However, 11 is 8 less than 19, so 
the number I need to know must be 
8 more than 5. Thus, the missing 
number for this row is 13.” 


Assignments (page 51) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Mathematics 

We can think of the subtraction op- 
eration as an operation that “un- 
does” addition and of the division 
Operation as an operation that 
“undoes” multiplication. These re- 
lationships can be seen by the fol- 
lowing examples: 


Start Add 3 Subtract 3 End 
S => 5+3°—> Si 38) 5 
2 IQ 3 GS TSS Baht See? 


Start Multiply by 4 Divide by 4 End 
OAT re a ee 
8 OC 4 2 aos 


6—> 


3 


In the addition example, the net 
effect of both operations is the same 
as if no operation had been per- 
formed. Thus, we say that subtrac- 
tion of a given number is the in- 
verse of the addition of that num- 
ber. Similarly, in the multiplication 
example, the net effect of multi- 
plying and then dividing by the 
same number is the same as if no 
operation had been performed. 
Thus, we call multiplication and di- 
vision by the same number inverse 
operations. (Note that, since we do 
not divide by zero, we do not speak 
of the “inverse” of multiplication 
by zero.) 


Follow-up 

You might suggest that children 
make up magic squares of their 
own. Or you might give them one 
partially completed. A few exam- 
ples follow. 





Duplicator Masters, page 9 
Workbook, page 13 
Skill Masters, page 9 
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PAGES 52-53 


Objective 

The child will review basic facts 
by studying sets of multiples and 
by participating in timed exercises. 


Preparation 

Materials 

colored strips; centimetre ruler 
The nature of the investigation 

makes it appropriate to omit formal 

preparation and begin immediately 

with the investigation. 


Investigation 

If children associate the pictured 
purple strip with the set of num- 
bers, they may more quickly realize 
that all the numbers in the set are 
multiples of four. You might find it 
necessary to point out that this use 
of the 4-strip has something to do 
with what is “special” about the 
numbers in the set, but let children 
figure out among themselves the 
property of the set. 

After children realize that the 
special property of the set is that 
it contains multiples of the 4-strip, 
some may be able to give the multi- 
ples for the 5-strip, 6-strip, and 
7-strip without the aid of the ruler. 
Others will need to pattern their 
work with the other strips after the 
model of the 4-strip and the centi- 
metre ruler. 

Throughout this investigation, 
encourage children to try to figure 
things out without your guidance. 
If some children quickly identify 
the other sets of multiples, you 
might suggest that they do the same 
for the 8-strip and the 9-strip. Or, 
you might have them list the basic 
facts which generate each set of 
multiples (1 x 4,2 < 4,3 X 4, etc.). 


Sz 


Centimetres 


a6+511 
B/7+512 
ec 9+817 
pd 8+715 
E8+8 16 
F6+915 
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Discussion 
Show how each set of multiples is 
related to the basic multiplication 
facts. Emphasize the importance of 
knowing these and the addition 
facts for quick recall. Encourage 
them to suggest ideas or patterns 
they may use to help them remem- 
ber the facts. Also, discuss alterna- 
tive approaches that can be used 
if they forget.one of the facts they 
need. For example, if a child knows 
that 7 X 8 = 56, but forgets 8 x 8, 
he can simply add 8 + 56 to get 64. 
Use this and subsequent lessons 
to determine if some children still 
have not mastered the basic facts. 
To help children gain this mastery, 


Can you tell what is “special” 


about this set of numbers ? 
All are multiples of 4. 





@ Do you know your facts? 


Investigating the Ideas 





Can you make a “’special’’ set of numbers for each 
of these strips ? See Investigation. 


Discussing the Ideas 


1. Give the “special” sets of numbers for 8 and 9. 
{0,8,10,24,32,40,48,56,64,72} [0,9,18,27,36,45,54,63,72,813 

2. It is important for you to be able to recall addition, subtraction, 
multiplication, and division facts quickly. Try these. 


15.=;/, 8 


G m 6 x 742 
H 14-77 n 5 x 840 
1 17-98 0 6x954 
J 16-88 p 8 x 648 
kK 15-96 a 9x 545 
L 13-67 a 8x 972 


have the class (or group) study a 
“fact for the week.” For example, 
display five or six of the most com- 
monly missed facts in a prominent 
place in the classroom. Choose one 
of these to be the ‘fact for the 
week” and highlight it in some 
manner. During the week children 
should study this one fact in par- 
ticular, and at the end of the week 
remove this fact from display. 
Thus, children will have the facts 
they need visible to them, but they 
will also be working to memorize 
at least one fact a week. 














s 42=—67 
tT 54=96 
u 48 = 86 
v 36=49 
w 72=—89 
x 49-77 














Follow-up 

If children enjoyed working with 
the magic squares suggested on 
page 51, duplicate a worksheet of 
magic squares such as the one 


Using the Ideas 


. Can you find these sums in 13 minutes ? 


a34+912 «6 4+6!0 m 7 + 9 !@ s7+4!! 
a9 4-3 (2 H9+4+514 n5+1© 7 24135 below. Ask the children to find 
Ca Te res TNO 0 64+814 v9 B17 patterns of four numbers (other 
pd 94110 3 4+04 eas St Uh een than the patterns given for the 
Ee 8+614 x 54+ 914 0 5+49 w.8 es rows, columns, and diagonals), sO 
F2+4+810 me 228 gil Reick: Zale x 7 aio that each pattern has the magic sum 
46. In most of the examples, the 
numbers are excluded so that the 
. Try these in 2 minutes. patterns are clear, but the children 
Rio To a. Oo. 64 m15—87 Sig] ss will have to experiment with the 
e-tt=—65 wets — 67 nw 16—79 r8—62 actual numbers to discover the 
c 12-57 1 16-97 o 15-69 vu 12—48 patterns. 
dp7-25 s 11-56 p 9-8! v 17-98 
—E 13-—7° kK 13 —94 a 12—84 w 14 — 8@ 
F 12-66 1 6—44 rR 14-59 x 5-32 


. How many of these products can you find in 2 minutes ? 





a3x4!12 Gall xo m9 x 436 s.9 x 872 

B 6 x 6 36 H 7 x 9 © n 8 x 8 ©4 tT 8 x 540 = 

c 3x26 1 4x 936 o 9x 6:54 u 6 x 318 

bp 7 x 642 Somdbnden nS Poof -Mo4n ZB v 3x 515 

eE2xgQ/8 k 5 x 630 a 3x824 w 8 x 756 

Bde 149 be Dex 8 Se rR 8 x 2 lo x Onx 97Z 

. Find as many of these as you can in 3 minutes. 

a 12+=34 « 63=97 m2/=—93 s 18=+6% habia |e wor 

Bp 20+45 H18+=2929 n 49=+77 7T5=+5 1 ih Tog P. 

c 24+=4©6 1 64+=88 o 24+38 u 30=56 ps ok fet 

p 24= 8% 3 1be= rs peo et eae tO of PSY bx | 

e 35-57 k 30+65 a 21°=]7%3 w 48 = 68 lw 
sink %rla¥ out 





F-9o=="1- 9 36 =-6¢ r 56-87 x 32+ 84 


More practice, page A-4, Set 8 53 The sum of any four numbers 
marked X and joined by a dashed 


line is the magic number. 








Using the Exercises 

These timed exercises might be 

handled in a variety of ways. You 

might have each child time himself 

if an appropriate clock is visible; 

or you might have a child in the 

class time a group of children; or 

you yourself might time everyone 

together. In any event, try to use 

a light touch, so that children do 

not feel pressured; you might make 

a kind of game out of working and 

timing and checking these exer- 

cises. Help children recognize their 

weak points so that they can make 

a conscious effort to learn those Assignments (page 53) 
facts they still cannot quickly re- Minimum: 1-4. Average: 1-4. 
call. Maximum: 1-4. 


Duplicator Masters, pages 10-11 
Skill Masters, pages 10-11 
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PAGES 54-55 
Objective 

Given the function machine 
chart, the child will be able to dis- 
cover the pattern and state the 
function rule or apply a given func- 
tion rule. 


® Can you find the function rule? 





Investigating the Ideas 


This is a special function 
machine that uses the strips 


Preparation instead of numbers. 


Materials 
colored strips (optional) 

If you choose, you might want to 
spend a few minutes reviewing 
basic facts. The ‘“What’s My Rule” 
game would be appropriate for this 
lesson. (See page 46.) Another 
brisk game is the “Buzz” game 
(described in the follow-up section 
on page 17). 

If you decide to use such a prep- 
aration, remember to keep it brief. 


Can you use your strips 
to help you find the 





missing strips in the 
tables ? 





Function Rule 


WITH @® 


Investigation 

In this investigation, children need 
not use their strips unless they 
choose to. Familiarity with the 
strips will enable many to think 
directly in terms of the number the 
strip represents. However, those 
who want to use the strips should 
be encouraged to do so. 

When you introduce the investi- 
gation, point out how the function 
table problems should be read. For 
instance, the sample illustrated 
would be read, “‘Red with red gives 
purple.” 

You might let those who finish 
quickly make up their own prob- 
lems using a function rule you 
suggest. 





Discussing the Ideas 






1. Can you find the function 
See 

rule for each of these _Discussion. 

tables ? 


2. Invent your own function 
rule. List a set of input 
and output numbers and see 
if some of your classmates 


can find your rule. 
Answers will vary. 
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Discussion squaring function, though children 
Although this lesson is intended to. may express the rule simply as, 
review some basic facts, it is also. ‘‘Multiply each n by itself.” 
intended to be a recreational lesson 

showing a variety of uses of the 

function rule. For example, using 

the strips in the function machine 

is a variation of the usual addition 

rules. In discussion exercise 1, the 

first table contains a function rule 

which does not use one of the four 

basic operations. (Children might 

explain the rule as, ‘Give the digit 

in the hundreds’ place for each n.” 

Note that although each output 

number may not be unique, there 

is only one output number for each 

n.) The second table is the familiar 
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Find the missing numbers and function rules. 


1. Function Rule 2. Function Rule 
n+7 n+5 
n Output Output 
2 A \@ 
6 B |3 
7 c |4 
5b 12 
8E 15 
4. Function Rule 5. Function Rule 
(Pe inxe a (nx5) +2 or 
Output oun 
30 
6 
24 
B 36 
48 B 42 
54 c22 
7 Function Rule * 8. Function Rule 
A (nxn)-! Eater 














Output 


* 9. 
EIST 


Using the Ideas 


3. Function Rule 


nx 7 


Output 





6. Function Rule 


(nx) +1 


A or 2n+1 
Output 





Function Rule 
with 
A \|t. green 


Output 








Using the Exercises 

Have the children work indepen- 
dently on the exercises on page 55. 
If some children give the missing 
numbers but cannot state the func- 
tion rule used to obtain them, ac- 
cept their work as correct. Notice 
that exercises 8 and 9 are starred. 
The rule for exercise 8 is challeng- 
ing: ““Give the next higher multiple 
of ten.” The colors in exercise 9 
relate numerically to the colors of 
the strips. 


Assignments (page 55) 


Minimum: 1-5. Average: 1-7. 


Maximum: 1-9. 





Follow-up 
Encourage children to continue 
making function rules and function 
tables of their own and then ex- 
change their work to be completed 
by others. 


Resources for Active Learning 

Discovery, Section II, Unit 21/4, 
Encyclopaedia Britannica Edu- 
cational Corp. 

Inquiry in Mathematics via the 
Geoboard, ‘“‘Functions. . .” Geo- 
Cards 7/1-8/3, Walker. (Avail- 
able from Fitzhenry and White- 
side) 

Maths Mini-lab, “The Shuttle 
Game,” Cards 73-74, Selective 
Educational Equipment. 

Nuffield Project: Problems —Red 
Set, No. 13, Wiley. 

SMSG: Puzzle Problems and 
Games Project, ““Linear Func- 
tion Games,” pp. 79-95, Stan- 
ford University. 


Workbook, page 14 


Bey 


PAGES 56-57 ———_ CC ee 


Objective 

Given equations using one or 
two of the four basic operations 
and having one unknown, the child 
will be able to solve the equation. 


Solving Equations 


1. Write an equation for each problem. Solve the equation. 
a Jeff scored 9 points in the first half of the game. He scored 
7 points in the last half. How many points did he score ?9+7=!@ 
B Sally bought 4 hamsters. Each of her hamsters had 8 baby 
hamsters. How many hamsters does Sally have now ?4%8=32 


Preparation 

Use a favorite game to review basic 
facts. Or, you might use the func- 
tion tables made by the children in 
the previous lesson and have them 
identify or apply rules. 





2. To give the number for n in an equation such asn + 3 = 7, we write 
n = 4. Solve the equations. The solution is given for exercise a. 
an+2=9 e 8+ 9 =—nti--s-32 =n x48 -orn 9S ier 
n= t 8 xX 9=.nI2+«.32 =n + 428-2 sk ee 
BnNx3=62) 6 mx 6=7244 nx 6= 549 «a 4010 ene 
c 18=n+99 n 64n=2014 mn+9=145 rk 49=7x 7 
p5xn=204 1 n+8=2410n 6xnm=488 s 15=9+4+nN6 


3. We often use other letters in equations in the same way we 
have been using the letter n. Solve the equations. The solution 
is given for exercise a. 


A ax 4= 36 E*tx /= 426° 3764 —>sx 96 “0 S77 = 
fae Pry +7=169 « fr+6=159 p.6xr-61 
Bn+h= 136° eub4.= 8oGng 0 9x O0O=no a 1e6e Oo 


r /+s=70 
§_-/ 4X. 282: 


mOx7=N0 
n9+0=y9 


c9+cec=201 wn 14=6+ x8 
pnp 8x J7=s56 1 6+ 7=136 


4. Solve the equations. 
a 5+ (84+ 7) = mor 5+ (3x 4) =ritk (3 x 4) + (5 x 4) = qaz 
B (5+ 8)+7=moe (5+ 3) x 4=s32 8x 4=532 
ec (9+ 7) + 8 = xan (5+ 4) x 3 = a2 (5 x 6) + (4 x 6) = N54 
pd 9+(7+ 8) = xa 3x (54+2) =t2in 9x 6=t54 
E(9+8)+7=qwa (3x 5)+2=yn0 5x0=a+00 
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Discussion 

These exercises are intended to be 
used for independent practice and 
review. You may, however, choose 
to use some of them as a basis for 
discussion, particularly exercise 6. 
In an exercise such as 6H, the chil- 
dren must first find 6 X 2 and then 
think, ““What number adds to 12 to 
give 20?” One good way to help 
the children think about exercises 
60 through U is to have them cover 
up part of each exercise. For exam- 
ple, in part O, the children cover 
up nX 4 and then think, ‘“What 
number plus 3 equals 23?” They 
will, of course, see that this is 20. 
Now, they look again at n X 4 and 


think, ““What number times 4 is 
20?” Thus, they should arrive at 5 
as the solution. 

Do not, however, attempt to pre- 
scribe particular rules for solving 
these equations. Treat them pri- 
marily as a discovery activity. As 
the children solve each equation, 
it may be helpful to have them 
write out the whole equation with 
the solution in place of the variable. 
For example, if a child chooses the 
answer 7 for exercise 6R and then 
writes the equation (7 X 8)+3= 
51, he should observe that his solu- 
tion is incorrect. This method may 
help him find the correct answer, 6. 

Encourage all the children to try 








5. In her rock collection, Sue had 6 boxes 
with 5 rocks in each box. She found 3 more 
rocks. How many rocks did she have in all ? 
Write an equation and solve it.x5)+3=33 





6. Solve the equations. 

a (4x 6) +7=n3! wu (6x 2)+q=208 o (nx 4) +3=235 
B (3x 7)+8=y27 1 (3x 8)+ t=302 pep (yx6)+5= 41° 
ec (8x 3)4+9=a33 5 (4x7) 4+r=342 a (r x 9) +5=505 
p (6X 3)+6=c24 x (3x9) +n=358 pk (€ x 8)4+3=510 
E (9x 3)+6=d33 1 (6x 7)+6b=42° s (nx 7)+6=628 
(8x 2)+8=s24 m (8x 9)+a=8197 1 (6x 6)+5=599 
(7x 6)+9=t5! n (9x 6)4+x=602 u (ce x 7) +8= 648 


Oo mn 


a 
~“ 


. The same letter is used more than once in the equations below. 

: As in exercise a, give the number that will make the equation true. 

aAn+n=16 c y+y=187F 54+n4+nm=92 Hrxrxr=273 
n=8 py x y= 8176 x+x+7=1541 s+s+s=124 

Baxa=164e t+t = 6432 


x 


a 2. 
CA» | 


® | ® 
oO} p 
“ 
I/O] u 


st) 

~J 

exe 

(AD 
iN io] &] wl] nh 
INI OIN!|Q|]o 


tes 

ice b 
b 
b 
b 


sh) 
eo 
7 O | © 
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the Think problem. Then let volun- 
teers explain how they found their 
answers. 








Assignments (pages 56-57) 
Minimum: 1-21. Average: 1-5. 
Maximum: 1-7. Workbook, page 15 








PAGES 58-59 
Objective 

The child will practice basic 
number facts by using jumps ona 
number line. 


@ Let's explore jumps on the number line. 
Investigating the Ideas 


If the grasshopper keeps jumping by 3’s, 


Preparation 
which of the goals will he reach? 24, 30.36 


It would be appropriate to begin 
immediately with the investigation. 
However, if you choose, hold a 
short drill of the basic number 


facts. 0 5 10 15 





Investigation 

After studying the sample, which 
uses jumps of 3 and would land 
on goals 24, 30, or 36, children 
should select one goal and figure 
out the jumps the grasshopper 
might make. For example, if the 
goal 30 is chosen, the grasshopper 
might make the following jumps: 


Can you select one of the goals and find all the ways 


the grasshopper can get there if, on any one trip, 


See 
Investigation. 


his jumps are all the same ? (No fractions.) 





Discussing the Ideas 


1. Give a multiplication equation for each “‘trip” 


you found in the Investigation. SoMple answere: 6 x3=24 
1O0x3=30 
12%3=36 

2. Study the new symbols. Then give the landing point 


for each part. 


1 jump of 30 2 jumps of 15 
30 jumps of 1 15 jumps of 2 
5 jumps of 6 3 jumps of 10 
6 jumps of 5 10 jumps of 3 


Encourage children to work inde- 
pendently on this investigation. 
Give guidance to those who need 
it, and ask children if they are sure 
they have found al/ possible jumps 
the grasshopper might use. 





0 1 2 <i) 4 5 6 7 8 9 10 11 12 


a 2” means: Start at 2. Jump3 units to the right. 5 
s 9°© means: Start at 9. Jump® units to the left.4 


c 6©°*® means: Start at 6. Jump3 units to the right; 
then jump* units to the left.5 


p 12°©°© means: Start at 12. Jump® units to the left; 
then jump© more units to the left.O 
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Discussion 

For discussion exercise 1, have 
several children write their multi- 
plication equations on the chalk- 
board, listing together those which 
relate to the same goal. Use these 
to review the use of the number line 
for multiplication. Discuss exercise 
2 carefully so that children under- 
stand the meaning of the symbols. 
Help them see that these exercises 
(A-D) are just simple jumps on 
the number line and, hence, involve 
little more than finding the sum or 
difference of two numbers. 
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. Give the landing point for each exercise. 


A 


c 


2@-6 F5OO@-1 K 16@24 P 6.60 u 48 ©.53 
1©-6 6 7©:-13 L7@16 a 16.@7 v 13 .©8 
5@-6 Hu 8@:15 M17@-26 R 26.@17 w37©-43 
d4@-9 1! 18@-25 n9@8 $s: 17-@9 x 13.©7 
5@©-10 J 6@14 08 @4 tT 37.©29 Y 53.647 


. Give the landing point for each exercise. 


A2@@®6 E6@ 09 
B 7 @® © [5 F5@> -©6 
c 8@ @8 c 12 -©©-6 
dI.@e@9 H 20 ©: @ 36 


. Give the landing point for each exercise. 


A 0 ©: @ @ @ @ 20 

B 0 ©: @ © @ © ® ©-2I 
c 0 ©: © ©: ©- ©: © © © 40 6 0: © © © © © Oe 
D0 ©: ©- ©- © © © ©: © o# 0@: © © © @ © 18 


. Give the missing numbers. 


> 


o 


D 


n 


Ill @- : 
I! @> : 
Ill @-: 


lil @-: 
lil @+: 








lands at 14 9 G |ill -@: lands at 6 \3 
lands at 15 7 H {ll -@: lands at 5 \4 
landsat189 1 lil @. ©: lands at 16 3 
lll @-: lands at 13 @ J Ill @ @-: lands at15¢ 
lands at159 K [lll -® @+: lands at 54 54 
lands at 16 7 u iil ©- -@: lands at 73 73 





Using the Exercises 

Before you have the children do the 
exercises on page 59, you might 
discuss exercises 2 and 3. Help the 
children realize that, when the ex- 
ercise has two or more jumps indi- 
cated, a shortcut can usually be 
found. For example, for exercise 
2F, since they jump 7 to the right 
and 6 to the left, they can think of 
this as one jump of 1 to the right. 
In some exercises, such as 2J, the 
first two jumps nullify each other, 
so they need think only of the third 
jump, or 8+ 8. In exercise 3, chil- 
dren should recognize the rela- 
tionship of the repeated jumps to 
multiplication. Children may think 


E 0@: © @ @ © @ @ 49 
F 0O® © © © ® @4¢g 


Using the Ideas 


665 @ @e 
J 8.© ©: © I6 
kK 136. © -@14 
L 17@: © -@10 
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they need to draw a number line to 
solve exercise 4, but treat this exer- 
cise primarily as a discovery activ- 
ity and say as little as possible 
about how to work these problems. 


Assignments (page 59) 
Minimum: 1-2, oral. 
Average: 1-3. Maximum: 1-4. 


oo 


PAGES 60-61 
Objective 

Given a “number-line stack,” the 
child will practice basic number 
facts by solving number-line puz- 
zles. 


Preparation 

Unless you want to review multi- 
plication facts, such as the 7’s, 8’s 
and 9’s, begin immediately with 
the investigation. 


Investigation 

Although children might work on 
this investigation independently, 
group work will give them an op- 
portunity to discuss and share their 
ideas. Note that the number line is 
stacked by sevens; that is, if you 
begin at 0 and go directly up, you 
will find the multiples of 7. If you 
begin at 3 and go directly up, each 
jump will be a jump of 7. Conse- 
quently, each diagonal jump will be 
a jump of 8 or 6. To answer the 
investigation question, children not 
only have to figure out how to use 
the number-line stack, but must 
also be able to imagine additional 
rows. Circulate through the room 
and guide children when necessary, 
but try to have them do as much 
on their own as possible. 


60 


pieces. Imagine as 
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Discussion 

Have children explain their results 
from the investigation. Discuss the 
meaning of each of the directional 
symbols thoroughly. Point out for 
the children that they should con- 
tinue to think in terms of the 
stack pictured for the investigation. 
Then have children answer and 
explain how they found their an- 
swer to the parts of discussion 
Exercise Zn.) 

One objective for this type of ex- 
ercise is to get the children to dis- 
cover that they can think about 
multiplication for some of these 
number-line jumps. For example, 
on this number line, to jump to the 


Investigating the Ideas 


Think of a number line 
that is stacked up in 





2. Can you find the missing landing 
points and explain those given ? 





many rows as yOu need. 4 15 16 17 18 
7 8 9 10 11 
0 1 2 3 4 


Discussing the Ideas 
1. Can you find an easy rule to tell where you will be for each 
type of jump in the Investigation ? see 





Ill s 
ils 
Ill = 
ill 
ill is 
kz. 


Ill vz 





ll io 


upper right is equivalent to adding 
eight; hence, two jumps to the up- 
per right would be equivalent to 
adding 2 X 8, or 16. Three jumps 
straight up would be equivalent to 
adding 7 three times, or 21. 


black , 56 





Investigation. 
| Symbol | Start | Land | 


@ Can jumps be made on a “number-line stack”? 





19 20 
12 13 
5 6 





tl 7 
40 
Ill @ 
Il 3 1 
23 


il 2 
29 
Illi20}° 




















Using the Ideas 
1. Using the number-line stack in the Investigation, 
give the landing point for each exercise. 
A 0o7 pd 035 6 0 @70 5 1©36 mM4Qie Pp 42 ©26 
BO@/4 & 0©42 u O @50 Kk 1@64 n 446 a 42 O21 
c 0@28 -F 00631 1 @IS t 1@50 0 4@e7 R 42 ©0 


2. Give the landing point for each exercise. 
a 24 ©59 p59@45 6 3@@48 31 3@@@12 
B 60 ©95 E 28 @7 H 12@@12 K 30-0 O15 
c 100 @15e F 63 @®o 1 40 © ©47 L 30 © O15 


%* 3. Give the landing point for each exercise. 
A0@40 pvp 20@28 «64644 45 6 ©42 m 7 © 13 
BO@®48 £ 4@20 w1@e5 «7@-@13 nO O12 
c 27@28 -r4@28 1 6'@36 17 ‘O13 0 0 ©48 





Use a number-line See OMet0: 1 mien (13 14. a6 
stack like this for 
exercises 4 and 5. Garet Dae 3 | 2005s) k6. 07 





* 4. Give the landing point for each exercise. 
aA0@8 c0@o4 EROvG) 9 * anl2" 0) @ @..@ tz 
B0©48 p249° £0G63 0 12-060 0-012 


%* 5. Give the missing numbers. 
A 16 @ : lands at02 b 72 @ : lands at09 «6 18 @ : lands at02 
B 32 @ :landsatO4e 57 @:landsat17 n 63 @ : lands at07 
c 48 @ :landsatO@ Fr 67@:landsat381 49@. : lands at7e 
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Using the Exercises the answer is 59. The child who has 
After reminding the children that not grasped this multiplicity con- 


for exercises 1,2, and 3 they should 
continue to think of the stack pic- 
tured for the investigation, have 
them do the exercises. When they 
have finished, allow time for check- 
ing papers and discussion. 

Some of these exercises will be 
quite difficult for those children 
who have not yet discovered the 
multiplicity of ideas involved in 
these exercises. For example, in 
exercise 2A, starting at 24 and 
taking 5 jumps up may be quite 
difficult for a child who has not 
discovered that 5 jumps up is the 
same as 5 sevens, or 35, and hence 


cept will have to visualize pieces of 
the number line until he reaches 78. 
You are encouraged to provide 
extra help for slower children, at 
least to the extent of suggesting to 
them the necessary ideas which 
they have not been able to discover 
for themselves. You should, how- 
ever, avoid taking initiative away 
from those children who are able 
to make discoveries on their own. 


Assignments (page 61) 
Minimum: 1-2, oral. 
Average: 1-2. Maximum: 1-5. 
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PAGES 62-63 
Objective 

Given multiplication and addi- 
tion equations, the child will un- 
derstand that he can solve them 
because of certain basic principles. 


Preparation 

To stimulate interest in this lesson, 
you might write some equations 
such as the following on the chalk- 
board. 


S2=2+3 
4+ (6+ 5S)=(44+ 6)+5 
2x 45=(2 X 40) + (2 X 5) 
9x1=9 
8x0=0 


The purpose is to prepare chil- 
dren for a study of the basic princi- 
ples. The equations are true because 
they are based on the principles 
studied in this lesson. 

If children recall some of the 
principles studied in previous 
years, they might name the order, 
or grouping, principle. However, 
use these equations primarily to 
lead into the material in the text. 
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Basic Principles 





> 





Discussion 

Although these exercises are in- 
dicated for independent study, you 
might use them as a basis for dis- 
cussion. In particular, you might 
want to discuss the new terminol- 
ogy with the children before they 
begin to work on their own. You 
may prefer to continue using the 
names order and grouping; how- 
ever, even if you do, introduce the 
words commutative and associative 
as alternate terms. One of the prin- 
cipal justifications for the inclusion 
of the associative and commutative 
principles in the elementary cur- 
riculum is the relationship between 
these principles and the generaliza- 


Aoxn=7x57 8s 49x 51 =n + 495 


In this lesson you will review some of the basic principles for addition 
and multiplication. Special names for the principles are given. 








aA9+7=n+97 Bn+93=93 + 6868c 537 + n= 86 + 53786 










(5+ 2)+3=5+(2+n)3 8 87+ (n+ 93) = (87 + 34) + 9334 





A(nx 3) x4=2x (3x 4)2 8 34 x (8 x 7) = (34 x 8) x n7 
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tion that we can rearrange terms in 
an addition or multiplication equa- 
tion in any way that is convenient. 


Assignments (page 62) 
Minimum: Parts A, B of 1-6. 
Average: 1-6. Maximum: 1-6. 


c 90 x 70= 70 x ngo 


1. Use part | and one of the basic principles to help you 



































Using the Principles 


complete part II. Then tell which principles you used. 








> 
” 
5 
re) 
a) 


we know that 
B Since we know that 
c Since we know that 
p Since we know that 
E Since we know that 
F Since we know that 
ce Since we know that 


H Since 





we know that 


. Think about part |. Then use part | and any principles 
you need to complete part II. 


> 





= (7) n m i=} Oo oa 


Using the Exercises 

Exercise | on page 63 requires 
not only that children complete the 
equations in the second part of each 
section, but also that they name the 
basic principle applied in each case. 
Many children would benefit from 
working these exercises with one 
or two classmates. A discussion of 
their choices would also be helpful 
when they have completed them. 
Note that the distributive principle 
is not included among these exer- 
cises. It will be treated in the next 
lesson. 





Assignments (page 63) 
Minimum: 1-2, oral. 
Average: 1-2. Maximum: 1-2. 





Mathematics 
For all whole numbers a, b, and c: 


l.at+b=b+t+a 

2. (a+b)+c 
=a+(b+c) 

3.a+0=a 


Multiplication 


.aXb=bxXa 
(apy AG 
= ooeae) 
.ax0=0, 
aXl=a 





1. Order (commutative) principle 
2. Grouping (associative) principle 
3. Zero and one principles 


In elementary mathematics, the 
most important consequences of 
the order and grouping principles 
are the generalizations which arise 
from them: the order and grouping 
principles together allow us to rear- 
range addends in addition and fac- 
tors in multiplication. 

Once these generalizations are 
drawn and children have learned to 
rearrange addends and factors free- 
ly, there is little need to continue 
stressing the order and grouping 
principles separately. However, 
since it is important that children 
understand that the rearranging is 
possible because of the order and 
grouping principles, we will con- 
tinue to restate this fact from time 
to time. 





Workbook, page 16 
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PAGES 64-65 
Objective 

Given addition and multiplica- 
tion equations, the child will solve 
them by applying the basic princi- 
ples (page 64), or by using his un- 
derstanding of place value (page 
65). 


Preparation 

To prepare for this lesson, you 
might name a principle and ask the 
children to give an example for it. 
For instance, mention the zero 
principle and a child might state 
or write on the chalkboard an equa- 
tion such as 183 X 0 = 0; or men- 
tion the commutative principle for 
addition, and a child might respond 
with an equation like 73 + 42 = 
7) waa 


®@ Do you understand the multiplication-addition principle? 





Investigating the Ideas 


Example A shows how you can think about ‘breaking apart” the first 
factor before multiplying. Example B shows how you can think 
about ‘breaking apart” the second factor before multiplying. 


[A] [ey *| conouG eyal]e]= 













elelje\leje 


(3 tad), X-men = + (3 ; 5) 






Can you draw Show pictures and 


a set of dots for a equations for your problem 


multiplication problem ? like the ones above. WitWary. 
ion. 


Investigation 

In this investigation, children ex- 
amine an example of the distribu- 
tive, or multiplication-addition, 
principle. Explain that two applica- 
tions of the principle are given fora 
particular multiplication fact. Then 
they are challenged to show an ex- 
ample of their own. Observe with 
them that they need only one multi- 
plication fact, or phrase, but that 
they should draw two illustrations 
of it. Help them realize that either 
the first factor or the second might 
be separated into subsets. You 
might suggest a multiplication prob- 
lem to help some children begin. 








Discussing the Ideas 


1. The principle illustrated above is called the multiplication- 
addition principle or the distributive principle. Explain how 
you can use this principle to help you find the product 6 x 9 


if you know 6 x 5and6 x 4. 
Sample answer: Add 6x5 and ©x4 to find ©x9. 
2. How can you use the figures to help you solve the equations ? 





8x (142) = (8x1) + (8x 2A) 6 x 4= (nx 4) + (4x 4) 


64 ~The figure shows that 8x3 is 8 The figure shows that 6x4 is 
ones and 8 twos, so n=2. 2 fours and 4 fours, so n=2. 





Discussion 
Encourage children to discuss the 
illustrations they made in the inves- 
tigation. The use of an overhead 
projector would be helpful, if avail- 
able. Then develop the examples 
given in discussion exercise 1. 
Stress that this principle “‘distrib- 
utes” the multiplication operation 
over the addition combination: 
6X9=6x (5+ 4) 
= (6 X 5) + (6 X 4) 


Also, observe with them that fig- 
ures. may be broken apart in various 
ways, as shown in exercise 2. 
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1. Solve the equations. 





7x3=e2l 


Solve the equations. 

Zriewoi= (+s) x 8.2 
Sete P= (244 nye 
4.6x 8=(3 x 8) + (nx 8)3 
bao x Fem (1% APS X°7)5 
6. 6x9=(nx 9)+ (1 x 9)5 
Faiee = (5.x Jie (n'X< 7)2 
8. 9x 8= (nx 8) + (4 x 8)5 
925 x 12—=n x (10.42) 5 





10. 
11. 
12. 
13. 
14. 
wD: 
16. 


3x 14= 3x (a+.4)1t0 

2G I=) 2'x. (10 4+'n)3 

Gece —1( 65x) -+)(6-X"1 io 
4x 16 = (n x 10) + (4 x 6)4 
7 <AD— (7-x 10) + (7-x n)s 
8 x 17 = (8 x n) + (8 x 7)Io 
7x 23=(7 x n) + (7 x 3)20 Ws 


More practice, page A-5, Set 10 





Using the Exercises 

You might choose to use exercise 
1 on page 65 as a basis for discus- 
sion. Point out to the children that 
the distributive principle gives them 
an easy way to think about finding 
products. 

When children have completed 
the remaining exercises, you might 
also point out how their under- 
standing of place value can be 
applied with this principle to sim- 
plify problems with 2-digit numer- 
als, as in the last 8 equations. For 
example: 


mea? s = 0020) (7% 3) 


Encourage those who solve the 


~ Anumber pair are we. 
_Our product, 54. 
‘We differ by just 3. 
We'll tell you nothing more. 


WHO ARE WE? 
6,9 





Using the Ideas 





Think problem to explain it to the 
whole class. 


Assignments (page 65) 
Minimum: 1-8. Average: 1-12. 
Maximum: 1|-16. 


Mathematics 

An important generalization from 
the commutative and associative 
principles is that these two princi- 
ples, together, allow us to rearrange 
addends (or factors) in any way that 
is convenient. 

Since three numbers can be or- 
dered six ways and since each of 
these orderings can be grouped two 
ways, three addends such as a, b, 
and c can be ordered and grouped 
in 12 ways: 


(a+b)+ec c+ (ba) 
at+i{b+c) (C+D) + a 
a+ile-+ b) (be) at 
(atc) +b b+ (c+ a) 
(c+ a) +b b= (ae ) 
Cy (Aaa) (b+ a) +c 


We can proceed down this list and 
verify the equality of these expres- 
sions by alternately applying the 
grouping and order principles for 
addition. Even without this com- 
plete list, we can prove the equal- 
ity of any two of these expressions 
by using the order and grouping 
principles. To show that 

Ca (De a) = bee (CH ay, 
we offer two different proofs. 
First proof: 

c +b +a) =e bb) a GP 
= (b+ c)+a OP 
= b=! (c-a)yGP 

Second proof: 

c+ (b+a) =(b+a)+c OP 
=b+(a+c) GP 
= b+ (oa) OP. 

Another important idea in this 

lesson is that the grouping principle 
allows the omission of parentheses 
from expressions involving the sum 
of three numbers. Since we can 
group these numbers in any conve- 
nient way, the expression will be 
just as meaningful without paren- 
theses. Of course, this leads to 
the additional step of rearranging 
the numbers in the absence of pa- 
rentheses. 


Follow-up 

As a review, provide a list of 
large numerals and have children 
practice reading them. 


Duplicator Masters, page 12 
Skill Masters, page 12 
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PAGES 66-67 
Objectives 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Any game like ‘““What’s My Rule” 
would be suitable for a short review 
of basic facts. 
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1. Solve the equations. 


ax+9=167 ce 8+n=1729 
Bp 16—9=n7F 17/-x=8°? 
c 13=5+p86e6 54-—54=n0 
do13—5=a8unu4xn=0°0 


2. Solve the equations. 
a74+74+74+74+7=n 35 


5x J=nss 
3. Solve. 
a8+7'5 £€ 15-961 
B6+5!! - 14-68 
c 9+4!13 «6 7x 428 
pd 12—84 un 8x 648 


4. Find the missing output numbers. 


Function Rule 


(2x n) +1 


Function Rule 
(n x 8) +5 
Output 
E29 
F45 
G Gl 
H 77 


Output 





Function Rule 


(4x n) + (3 x n) 


Function Rule 
(nx n)-—n 





n Output Output 

5 135 

0 Ae) M56 

8 K 56 n9O 
66 


t 5 Xb = Sess 
3 8x7=FrxeT 
Kid 7 xe ae IT 


tLnx T=! 





m 42—7=re 
n8xO=q°? 
o tx9=0° 


p0+9=s°O0 


Bp 30—5-5-5-—-5-5-5=n0 
30+=5=n6@ 


5x 945m 7x 8560 9x 872 u 42+ 7© 
y 7x 6442 n 9x 654R 7x 749 v 63-97 
Kk 9x 98! o 8x 84s 40+58 w 48 = 68 
. 5x 7325p 6x 5307 32+84 x 56=87 





Discussion 

Whether you use page 66 as a 
class review or as a test page, it is 
important that the children be given 
an opportunity to discuss these ex- 
ercises once they have completed 
the page. Discuss in particular any 
topic which caused difficulty for 
the children. 

The Think problem should prove 
to be a stimulating activity for 
many. The problem does point up 
a significant mathematical idea: 
that there may be many different 
function rules for a single set of 
ordered pairs. That is, n + 0 gives 
exactly the same set of ordered 
pairs as does n X lorn=+lorn—O. 

















. Solve the equations. 
a 10 x 10=n !00 
B (10 x 10) x 10 = nm 1000 


c (10 x 10 x 10) x 10 = n 10000 
p (10 x 10) x (10 x 10) = m!ooo0o 


. Find the products. 

a 5 x (T0&10)i='n Soo Ee 8 x (10 x 10 x 10 x 10) = n80000 
8 x (10 x 10 x 10) = nB000F 9 x (10 x 10 x 10 x 10) = n90000 
7 x (10 x 10) = n700 c 18 x (10 x 10) = nigoo 

6 x (10 x 10 x 10) = né000 n 23 x (10 x 10 x 10) = n 23000 


o0o @ 


. Solve the equations. 

638 = (6 x nm) + (3 x 10) + 8 100 

375 = (3 x 10 x 10) + (nm x 10) + 57 

5671 = (5 x nm) + (6 x 100) + (7 x 10) + 11000 

54 965 = (nm x 1000) + (9 x 100) + (6 x 10) + 5 54 

39 732 = (39 x 1000) + (7 x nm) + (3 x 10) + 2 100 
5472 = (5 x 10 x 10 x 10) + (4 x n) + (7 x 10) + 2100 


“mondo > 


. Write the numerals for the numbers. 


six thousand three hundred thirty-seven 6337 

fifty-four thousand five hundred twenty 54 520 

seven thousand thirty-four 7034 

eighty thousand ninety 80 090 

three million nine thousand five 3 009 005 

six billion two hundred thirty million seventy-one © 230 000 O71! 


"mone > 


. Which number is inside the red loop, a 
inside the blue loop, and larger 
than 6?7 





Using the Exercises 

Assign the review exercises on 
page 67 as independent work. Use 
any exercises you choose as a basis 
for discussion. Note that exercise 
5 reviews the type of reasoning 
problems studied in Chapter 1. 
You might encourage any children 
who have been using attribute 
games to describe these activities 
to others. 





Follow-up/*‘Combo” 

A game similar to Bingo will help 
the children review multiplication 
facts. The object of the game is to 
cover five products in any row, col- 
umn, or diagonal as the caller shows 
the facts on flash cards and calls 
them out. Winners call ““Combo” 
and verify the products from the 
caller’s master sheet. 

To make the game, cut 10-by-12- 
centimetre cards and rule 30 2-cm 
boxes on them. Fill in “Combo,” 
“Free,” and products at random 
(see illustration). The players should 
have cork or paper discs to cover 
products with. (Note: Since speed is 
essential to the success of this game, 
it may be best for the teacher to be 
caller.) If the children mark another 
grid on the back with the digits 0 
to 9 using a color different from the 
first side, the card can be used to 
practice finding differences and 
quotients for the basic combina- 
tions as well as for finding products. 


e[o[s[=[o 
fe[efe[= fe 
PIEICICIE) 
Acne 
raf [ | 
IEEE 


Also, you might continue to review 
large numerals by giving children 
worksheets like the one below. 













Give the numeral for each of the fol- 
lowing expressions: 
1. (6 X 1000) + (7 x 100) + 
(4x 10) +8=n 
2. (5 x 100) + (3 X 10) +9=n 
. (4X 100) +2=n 
. twenty thousand, four hundred 
thirty-one 
5. eight hundred fifty-five thousand, 
seven hundred three 
. two thousand six hundred forty 
. forty million, three hundred five 


thousand, eight hundred thirty- 
issrwgrind, Yo faiasier yaar 


Workbook, page 18 (Use with text 
page 66.) 


WwW 


lon 





~ 
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CHAPTER 4 


Pages 68-95 


General Objectives 


To introduce some basic concepts 
of geometry 

To introduce some standard geo- 
metric notation 

To introduce the concept of con- 
gruence for segments, angles, 
and triangles 

To review concepts of length and 
the measurement process 

To introduce angle measure using 
radians and degrees 

To review the concepts of perimeter 
and area 

To provide experience in finding 
the areas of rectangles, parallel- 
ograms, and triangles 


The opening lesson of this chapter 
is devoted to helping the children 
understand the relationship be- 
tween the physical world and the 
ideas of geometry. The material is 
designed to help the children under- 
stand that we only think about the 
points, lines, rays, and segments of 
geometry, whereas we can actually 
touch or see the things in the phys- 
ical world which remind us of these 
geometric ideas. 

Although some attention is given 
to separating the physical world 
from mathematical geometry, it 
should be noted that the geometry 
we treat in this chapter is primarily 
geometry of the physical world, or 
“drawing board” geometry. 

After the introduction, the fol- 
lowing topics of plane geometry are 
presented: (1) segments, rays, and 
lines; (2) congruent segments, an- 
gles, and triangles; (3) comparison 
of angles; (4) parallel and intersect- 
ing lines; (5) triangles and sym- 
metry; and (6) polygonal shapes. 

Concepts of measurement are in- 
tegrated with the geometric topics. 
These concepts include: (1) the 
arbitrary selection of units, unit 
segments, and unit angles; (2) angle 
measure with a protractor; (3) pe- 
rimeter of polygons; and (4) area of 
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Geometry and Measurement I 


rectangles, parallelograms, and tri- 
angles. 


Mathematics 


Many parallels could be drawn be- 
tween the study of geometry and 
the study of arithmetic. In both dis- 
ciplines, we begin with certain un- 
defined elements, make assump- 
tions about these elements, and 
then proceed—through deduction 
and definition—to construct the 
mathematical system. At the ele- 
mentary school level, many areas 
of mathematics are treated intui- 
tively, and this is the case with 
geometry. For example, we begin 
in arithmetic with the concept of 
number, which is basically an un- 
defined concept; certain basic prin- 
ciples are established for these 
undefined elements — numbers; and 
then the structure is built from 
these numbers and basic principles. 
At every stage, this is kept on an 
intuitive level and at a level which 
is compatible with the age and ma- 
turity of the children. 

Much the same type of develop- 
ment is used in geometry. We begin 
the study of geometry with certain 
undefined elements—points and 
lines. We then develop the chil- 
dren’s intuition for points and lines, 
and thus make plausible certain 
basic principles concerning points 
and lines. 

Since geometry is so closely re- 
lated to objects in the physical 
world with which children are fa- 
miliar, the structure of geometry 
might be less obvious than that 
of arithmetic, which is presented 
more abstractly. However, in this 
chapter, there are certain areas 
that illustrate some of the structure 
of the mathematical system. For 
example, the ideas of congruence 
bring out a certain element of the 
structure of the study of geometry. 
In many developments of geome- 
try, the idea of congruence is taken 


basically as an undefined concept 
relating to segments and angles. 
We then need to make assumptions 
about this undefined relationship. 
Having made such assumptions, 
we can proceed to define such 
things as comparative sizes of seg- 
ments or of angles and continue 
to build the structure from this 
undefined relationship and the as- 
sumptions about it. 

However, in this chapter we 
present a view that appeals more 
to children’s intuition. We do not 
specifically state what it means for 
one segment to be longer than an- 
other; we merely provide experi- 
ences for the children which build 
their intuition for the ideas of 
longer and shorter and larger and 
smaller. Once this intuition is de- 
veloped, we define the idea of con- 
gruence between two segments in 
terms of this undefined relation- 
ship, longer and shorter. We say 
that two segments are congruent 
to one another if neither is longer 
than the other. Of course, we could 
say that the two segments are con- 
gruent if they are the same size, 
but it should be recognized that 
‘same size’ is also an intuitive 
concept. This same procedure is 
used to develop the idea of the 
congruence of two angles. 

Also, several techniques for an- 
gle measure are suggested. We use 
these techniques to give the chil- 
dren a general understanding of the 
basic ideas involved in angle mea- 
sure. Next, we introduce the pro- 
tractor as a device for precisely 
measuring a given angle. The im- 
portance of understanding is con- 
tinually stressed as the children 
actually construct a _ protractor, 
using a unit angle. 

Congruent triangles are then 
studied. Although children are not 
required to measure angles of a tri- 
angle, they learn that two triangles 
are congruent if their angles and 





segments can be matched so that 
the angles and segments of one tri- 
angle are congruent to the corre- 
sponding angles and segments of 
the other. 

Finally, we explore concepts of 
perimeter and area for various 
plane figures. 


Teaching the Chapter 


Materials 


Cardboard 

Centimetre ruler 

Chalkboard compass 

Compass, screw type, 
if possible 

Envelopes (to store 
tangrams) 

Geoboards 

Graph paper 

Metre stick 

Protractor 

Ruler 

Scissors 

String (minimum of 3 metres for 
every 4 children) 

Tagboard 

Tracing paper 


Vocabulary 

angle metre stick 

area parallel lines 

base (of a parallelogram 
parallelogram) perimeter 

bisect perpendicular 

centimetre lines 

circumference plane 

compass point 

congruent polygon 

construction protractor 

degree quadrilateral 

formula radian 

height (of a ray 
parallelogram) rectangle 

length segment 

line unit 

measure width 


You will probably find it useful 
to have a compass and metre stick 
to use for chalkboard illustrations. 
In addition, each child should have 
his own compass. It is also essential 
for each child to have a centimetre 
ruler. Cardboard backing is recom- 
mended to keep the children from 


marring their desk tops while using 
the compasses. It is not absolutely 
necessary for each child to have a 
protractor, but one should be avail- 
able to refer to for accuracy, after 
the children make their own. 

The vocabulary list for this chap- 
ter is quite long. Many of the words 
given will already be familiar to 
the children since they have occur- 
red in measurement lessons in earli- 
er parts of the text or in geometry 
and measurement lessons in previ- 
ous books. 

Many of the other words in the 
vocabulary list are vital to the study 
of geometry, and an attempt should 
be made to see that the children 
understand their meaning and try to 
remember them, although not to the 
point of rote memorization. 


Lesson Schedule 


Plan to spend about two-and-one- 
half to three weeks on this chapter. 
Of course, you will want to adjust 
your schedule according to the 
needs, abilities, and interests of 
your children, and perhaps allot 
some extra time to capitalize on 
any special interests. 


Evaluation of Progress 


In evaluating the children’s achieve- 
ment for this chapter, you should 
avoid exaggerating the importance 
of the mechanical skills involved 
in construction; the greater stress 
should be upon children’s under- 
standing of a few general ideas. The 
children should understand the gen- 
eral concept of congruence for seg- 
ments, angles, and triangles. Cer- 
tainly, they should also be familiar 
with some of the notation for seg- 
ments, rays, and angles. 

The children should develop 
some basic understanding of mea- 
surement using unit segments for 
length and perimeter, unit squares 
for area, and unit angles for angle 
measure. Again, we emphasize that 
one of the primary objectives of 
this chapter is to give the children 
a general feeling for the study of 
geometry rather than to have them 
memorize many specific facts, types 
of notation, and definitions. 


Resources for Active Learning 


GENERAL ACTIVITIES 


Applied Mathematics Cards. Group 
2/21, Schofield and Sims. (Avail- 
able from Mafex Associates, Wil- 
lowdale) 

Experiments in Mathematics, Stage 
1, “Paper Folding,” pp. 18-19, 
Houghton Mifflin (Available from 
Thomas Nelson and Sons) 

Experiments in Mathematics, Stage 
1, p. 52, Houghton Mifflin [Op- 
tical illusions] (Available from 
Thomas Nelson and Sons) 

Franklin Series: Mathematics 
Around the Clock, Lyons and 
Carnahan (Available from Mc- 
Graw-Hill Ryerson) 

Freedom to Learn, “Geometry — 
Properties of Shapes,” pp. 149- 
152, Addison-Wesley 

Maths Mini-lab, Cards 128-130, 
Selective Educational Equipment 

Modern Math Games ..., ““How 
Many Polygons?” p. 57, Fearon 

Nuffield Project: Computation and 
Structure 2, “Development of 
Weights and Measures,” pp. 6- 
41, Wiley 

Tangrams — 330 Puzzles, Dover 
Publications (Available from Mus- 
son Book Company) 


MANIPULATIVE DEVICES 


Geo Blocks (Selective Educational 
Equipment; McGraw-Hill Ryer- 
son) 

Geoboards (Addison-Wesley) 

Geo Strips (Math Media; Selective 
Educational Equipment) 

Mirror Cards (McGraw-Hill Ryer- 
son) 

Optical Illusion Kit (Edmund Sci- 
entific) 

Pattern Blocks (Selective Education- 
al Equipment; McGraw-Hill 
Ryerson) 

Sigma Chips (Sigma, Scott Scienti- 
fic) 

Tangrams, cards and pieces (Selec- 
tive Educational Equipment; 
McGraw-Hill Ryerson) 


COMMERCIAL GAMES 


Configurations (Hammet; Wff ’N 
Proof) 
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PAGES 68-69 
Objective 

Given the names or figures for 
point, line, segment, and ray, the 
child will be able to identify the fig- 
ures and use symbols to label them. 


At Geometry and Measurement | 


® What are points, lines, and segments? 








Investigating the Ideas 


In figure B, no path 
can be found that will 
cross each segment 


Preparation 

You might begin with the investiga- 
tion immediately. Or, you might 
use a figure on the chalkboard to 
prepare for the exploration sug- 
gested in figure A. For example, 
draw the following figure: 


oa ea ae 


Then draw a path through it, point- 
ing out that each segment may only 
be crossed by this path once. 


In figure a, a path can be 
drawn that passes through 
each segment of the figure 


exactly one time. exactly one time. 
AA 
(rd 


Copy figures c, p, 
and E on your paper. 


Can you find a path that will cross each E 


segment of each figure exactly one time ? 








Discussing the Ideas 


1. The figures in the Investigation show 





Acceptable points and segments. Are points and Segment 
segments parts of lines ? Yes = Z 
5 —————— eee 
Crosses segment twice Line 





2. How would you describe a segment ? 
Sample answer: Two points of a line and all points of the 
line that lie Ae se saad ; 
3. Can you name some physical objects that remind you (Anewers | 
= 5 va 
a of points ? B of segments ? oc ofines? — ee 
Tip of pencil Edge of ruler Lane marking ona 


is i high 
4. This is one way we picture rays. De 





Unacceptable 


Investigation 

Make sure the children understand 
that the path they draw can cross 
each segment only once. Note that, 
for the purposes of this activity, 
a segment must be considered to 
continue only from one endpoint 
to the next endpoint. For example, 
in figure E, AB is distinct from BC. 


68 





A How is aray different from a line ? 
B How is it different from a segment ? 


c Can you name some things that rem 
Flashlight beam 
5. Any flat surface suggests a plane. What 
are some objects that remind you of a plane ? 
Sheet of paper, table top, etc. 


S$ rb eat h 
ind you of rays ? 


7 Discussion light, we think ray, we draw 
One of the main purposes of the in- pee aie 
F B vestigation is to open the geometry 
chapter with an enjoyable experi- and we use a symbol, AB. 
EB D C ence, related in part to the review Also, explain that figures like tri- 


Although we may also speak of the 
segment AC, in this investigation 
AB and BC should be thought of 
as two segments, both of which 
may be crossed once. There is more 
than one acceptable path for each 
figure, as shown below. 
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of such basic geometric figures as 
point, segment, line, and ray. 
Allow children to discuss and 
display the paths they found, but 
focus most of the discussion on the 
discussion exercises in the text. As 
you work through the exercises, 
help children understand that the 
objects and pictures presented in 
this lesson represent basic geo- 
metric ideas, just as numerals are 
symbols which represent the ideas 
of numbers. Thus we see a head- 


angles, squares, and angles are 
called plane geometric figures be- 
cause all their points lie on a plane, 
that is, a flat surface. Figures such 
as cubes, cylinders, and spheres 
are called space figures because 
they do not lie in one plane. These 
space figures will be studied in a 
later chapter. 


Ray 
Ray has an endpoint. 


Ray h ly o endpoint; 
eamenc Wee war aw 


Plane 





1. Give the geometric figure suggested by each picture. 


2. Study each of the examples. Then give the symbol 
for each figure shown in exercises a through e. 








+ 
3. Draw and label a picture for each symbol. 
A MN B RS Cc PO D XA E FG 
M N R §$ PQ ib ie Me F G 
oP <= co Pr os 
aes R Bea’ x 69 








Using the Exercises 

Before assigning the exercises on 
page 69 as independent work, you 
might choose to go over the sym- 
bols with the children. 


——— ae —> A 
AB —segment, CD—ray, RS—line 


Note that the arrowhead in the 
symbol for a ray always points to 
the right. A ray directed to the left 
is indicated by writing the endpoint 
label first. 
Thus, the figure symbolized by 
AB may be drawn 
oes, oh Se 
B A A B 
As you discuss this idea, you 
might point out that a line may be 


Using the Ideas 











thought of as two rays in opposite 
directions from the same point. 


$9 oo — 


C A B 


Assignments (page 69) 
Minimum: 1, oral; 2. 
Average: 1, oral; 2-3. 
Maximum: 1-3. 


Mathematics 

Some basic geometric figures are 
introduced in this lesson. The 
words point, line, and plane are 
usually taken as undefined words in 
formal developments of geometry. 
For children, such abstract con- 
cepts must be related to the physi- 
cal world. Thus, a dot reminds us 
of a point, a stretched string sug- 
gests a part of a line, and a table 
top suggests a portion of a plane. 
Definitions of segment and ray in- 
troduced in this lesson are given 


below. 
A segment consists of two points 


and all the points on a line be- 
tween the two points. 
X Y 


<—-—— 


Segment XY(XY) 





—— 


A ray is the union of one point, 
called the endpoint, and all the . 
points on one side of that point 
on a line. 

A B 


<_ — — 


Ray AB (AB) 


Follow-up 
Children may enjoy trying to draw 
figures comparable to those in the 
investigation and exploring the pos- 
sibility of tracing a path which 
crosses each segment only once. 
To give children an opportunity 
to observe objects which suggest 
basic geometric ideas, take the 
class on a walk around the school 
grounds. Ask them to point out any 
object which suggests a point (top 
of flagpole, door knob, corner of a 
box), a line (telephone wires, painted 
lines on playground), a ray (tether- 
ball pole, flagpole), or a plane (floor, 
playground). When you return to 
the classroom, some children might 
like to make a chart showing the 
figure, the symbol, and some ob- 
jects they saw which suggest it. 


Resources for Active Learning 

Experiments in Mathematics, Stage 
3, ‘‘Networks and Routes,” pp. 
20-21, Houghton Mifflin (Avail- 
able from Thomas Nelson and 
Sons) 

Math Activity Cards, ‘““Euler’s Re- 
lation,” D14, Macmillan. 


Workbook, page 19 
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PAGES 70-71 
Objective 

Given two segments, the child 
will be able to determine whether 
or not they are congruent. 


Preparation 
Materials 
tracing paper; compass; cardboard 
To prepare for the investigation, 
help the children observe that if 
one object is not shorter than an- 
other, then it is either the same size 
or longer. Draw one line segment 
on the chalkboard. Then tell the 
children that you are thinking about 
a segment that is not shorter than 
the one already drawn. Help them 
realize that there remain two pos- 
sible segments: a segment of the 
same length and a segment longer 
than the one drawn. The objective 
is to have children realize that, 
given any two segments, the first 
may be shorter than the other, 
equal to the other, or longer than 
the other. 


Investigation 

Although children may think that 
the compass is used primarily to 
construct circles, this skill is not 
pertinent to the use of the compass 
in this lesson. Encourage the chil- 
dren to use the materials suggested 
in any way they want. 

Notice that a ruler is not sug- 
gested; the purpose is to make a 
nonmetric comparison of the seg- 
ments. If children trace one seg- 
ment, they can lift the paper and 
superimpose the drawn segment on 
the second one to compare length. 

Children may be surprised to 
find that the pairs of segments in 
figures 3 and 4 have equal lengths. 
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Investigating the Ideas 





Can you find a way to use each of the devices shown above 
to tell which segment in each pair is longer (if one is) ? 
See Investigation. 


® When are two segments congruent? 


Cardboard strip 
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Discussion 
Explain and discuss the meaning 
of the term congruent. To help the 
children understand the meaning of 
congruence, you might also speak 
of two segments as being congruent 
if they have the “same size.” 
However, encourage children to 
use the terminology given in the 
definition in the text. Use the sym- 
bol for congruence (=) as you refer 
to congruent segments. The sym- 
bol is read, ‘“‘is congruent to.” In 
discussion exercise 2, remind chil- 
dren to read the symbols correctly. 
Direct children to use the three 
methods explored in the investiga- 
tion to draw segment EF. 





1. a Explain how you used the devices to decide 
whether the segments above are congruent. 
B In which case above can we write AB ~ CD ? Why ? 
Case 3, because the segments have thesame length. 


2. How could you use each of the devices above to help you 


draw EF sothat EF ~ PO? P OQ 


See Discussion. 























Follow-up 

Children might enjoy making a larg- 
er “compass” from two tapered 
strips of heavy cardboard joined 
together near one end by a paper 


Using the Ideas 


. Each darkened segment is an edge of one of the figures below. 
a Which darkened 


segment is A fastener. With this larger instru- 
longest? Hi ment they might compare various 
B Which of these ‘segments’ suggested by objects 
segments is in the classroom, such as heights 


of books, lengths of window panes, 
edges of desk tops, and so on. 







shortest ? FG 
c Write a statement that tells 
which segments are 
congruent. Use the 
correct symbols.8c=be F 


Solution, Think, page 71 

The children should discover the 
pattern for part 2 of the Think by 
performing the crossings for the 
triangle and then trying the four-, 
five-, and six-sided figures as sug- 
gested in part 1 of the Think. 

Starting inside a simple, closed, 
plane curve, an even number of 
crossings would leave them inside 
when they finish, while an odd 
number of crossings would leave 
them outside. 


. Use one of the devices shown in the Investigation to draw 
a segment that is congruent to each segment given below. 
A 


c 
Constructions will vary. 


. Draw a segment on your 
paper. Label it XY. 

Draw another segment PO 
so that XY ~ PO. 


Constructions will vary. 
. Write a story about 

the picture below. 

Be sure to include 
some of the 
mathematical ideas 

you learned in 


this lesson. 
See Using t 





B o——________..----___-5 








Workbook, page 20 


Exercises. 
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Using the Exercises just as long as the hunter’s. But 
Assign the exercises on page 71 as__ the hunter could prove him wrong 
independent work, although you or right. The hunter just had to 
might choose to use exercise 1 as compare this friend’s fish to the 
a basis for discussion. A sample distance between the notches in the 
story for exercise 4 might be some- _ stick.” 

thing like the following. 


“Long ago a primitive hunter 

caught a large fish. It was so large 

that he wanted to be able to tell 

people about it after he had eaten 

it. He found a stick and cut notches 

in it to show the length of his fish, 

as shown in the picture. Then he 

ate the fish. _ Assignments (page 71) 
‘“‘L_aterthis hunter’s friend caught Minimum: 1-2. Average: 1-3. 

a fish and boasted that his fish was Maximum: 1-4. 
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PAGES 72-73 
Objective 

Given a segment to measure, the 
child will be able to select a unit 
and use it to measure the segment. 


Preparation 
Materials 
piece of string about 3 metres long 

(1 per child) 

To prepare for this lesson, tell the 
children something about Goliath. 
The famous story of David and 
Goliath may be found in the Bible, 
in | Samuel 17. If children are not 
familiar with the story, tell them 
about David’s feat of vanquishing 
the giant warrior with a rock hurled 
from his sling. 


Investigation 

If you give every four children a roll 
of string at least 12 metres long, 
they will be able to help each other 
measure and cut out pieces of string 
which approximate Goliath’s height. 
Goliath’s height is considered to 
have been almost 3 metres, but since 
the children’s cubit unit will be 
shorter than that of an adult, few 
will come very close to a measure- 
ment of 3 metres. Note that there is 
no mention of measuring the string 
in terms of metres, but you may 
want to have some children do so. 
However, each will be asked to 
compare his length of string with 
the pieces cut by his classmates. 
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Investigating the Ideas 


Goliath, the Philistine giant, was 
reported to have had a measured 
height of 6 cubits and 1 span. 





® How do you find the length of a segment? 













-+—1 cuBITt —_—_| 


See Investigation. 







Can you cut a segment of string 
that is as long as Goliath was tall ? 





Discussing the Ideas 


qi? 


. ls each classmate’s string the same length ? Why ? 


No, because the sizes of classmates’ arms and hands may vary. 


. Why is it difficult to find out how tall Goliath was ? 


Because cubit and span lengths are variab 
If an adult completed the Investigation, otiaa his string 


probably be longer or shorter than yours ? Why ? See Investigation 
Longer and Discussion. 


We find the length of a segment or object by counting the 

number of unit segments it takes to ‘‘fill” the segment. 

a Using unit X, what is the length of segment AB ? 4 

B Using unit Y, what is the length of segment CD? e@ 
Unit X 

, | | lp 
Unit Y 

pao | | | | lp 

c The segments AB and CD are congruent. Explain why you got ~ 
a larger number for the length of CD than for the length of AB. 


Sample answer: A smaller unit of measure gives a larger 
number forthe length of the object measured. 








Discussion 

To discuss exercise 1, children 
must compare the lengths of string 
they cut in the investigation. Point 
out that the unit used to measure 
the string was the cubit (and the 
span) but that this unit depends 
upon the length of a person’s fore- 
arm. Thus, as exercise 3 makes 
clear, the cubit used by a child may 
not be the same cubit used by an 
adult. Extend this idea to bring out 
the idea that the selection of a unit 
is arbitrary. 

Exercise 4 develops one of the 
main ideas of the lesson, namely, 
that the “length” of an object de- 
pends on the unit used to measure 


the object. Help the children think 
about putting unit X on AB four 
times in order to find the length 
for AB (4 of the X units). Similarly, 
unit Y can be put down on CD six 
times, so its length is 6 of the Y 
units. 

As you discuss exercise 4C, re- 
mind the children that two seg- 
ments are congruent if their ends 
are equally far apart. Thus, the 
two segments are congruent even 
though their “lengths” differ. Of 
course, if both lengths were given 
in the same unit, they would be 
equal. 


Using this segment as a unit, make a 


1. Mark a segment that is the width of your index finger. 


ruler along the edge of a sheet of paper 
that is at least 16 units long. Use this 
ruler to complete exercises 1a through 


it. Answers 
1e. Measure to the nearest unit. ane Vang, 


A Find the length of your index finger. 


B Find the length and width of your 
mathematics book. 

c Find the length of your desk. 

p Find the length of your pencil. 

—e Measure, on your hand, the 
distance shown in the picture. 

F Mark half units on the ruler you 


made. Measure to the nearest half 


unit, on your hand, the distances 
shown in the picture. Which 
distance is greater ? 


Distance between fingertip and wrist 


. You can choose any unit you wish for measuring. You have 


used centimetres and metres. 


The red mark shows the length of a centimetre unit. 


centimetre (cm) 


= 


Answers will vary. 


a ls the centimetre a longer or shorter unit than the one you 


used in exercise 1 ? 


s Without measuring, tell whether the length of your 
mathematics book, using the centimetre unit, would be more 
or less than the length you found in exercise 18. 

c Use acentimetre ruler to check your answer to exercise 2s. 

p Give the length of your shoe to the nearest centimetre. 








Using the Ideas 


#3 





Using the Exercises 


As the children work on exercise | 
on page 73, some may need help in 
constructing their rulers. Children 
with narrow fingers may have a 
very small unit and correspondingly 
greater numbers for the lengths, 
whereas other children may have a 
considerably larger unit and lesser 
numbers for the lengths. Point out 
to the children that, since their units 
vary in size, they cannot compare 
the numbers to tell whether or not 
the objects they are measuring are 
the same length. 

When you check exercise 2, 
point out that the longer the unit, 
the lesser the number for the length 





of a given object, and the smaller 
the unit, the greater the number for 
the length. 


Assignments (page 73) 
Minimum: 1 A-D, 2. Average: 1-2. 
Maximum: 1-2. 


Follow-up 

Suggest that children use string and 
cubit units to measure their own 
height and that of some of their 
classmates. They might chart their 
heights and show the unit they 
used. 

Also, suggest that children do 
research on the history of mea- 
surement, uncommon units, origin 
of the standard units, and any other 
related topics. 

As another worthwhile follow-up 
activity, you might provide a list 
of objects and divide the class into 
two groups. Then ask one group to 
measure all the objects in red strips, 
and the other to measure the same 
objects in green strips. Have the 
children record the data and com- 
pare the measurements. This acti- 
vity will help children reach the 
generalization that longer units give 
smaller numbers for the length of 
an object. 


Workbook, page 21 


73 


PAGES 74-75 


Objectives 
The child will be able to identify 
parallel and intersecting lines. 
The child will be able to name 
angles by using standard angle 
notation. 


Preparation 
Materials 
tracing paper 
To interest children in this les- 
son, exhibit some optical illusions. 


Which line is 
longer? (They 
both have the 
same length.) 


Is the hat taller 
than it is wide? 
(No, height and 
width are equal.) 





Are the cylinders the same size? 


Investigation 

Before the children begin the inves- 
tigation, review the meaning of the 
term intersect. Make sure children 
realize that they should imagine the 
lines to be extended indefinitely be- 
fore they judge whether or not the 
lines will meet. 

Stress the importance of tracing 
the lines accurately. If the tracing 
is not done carefully, the children’s 
investigation findings will be irrel- 
evant to the lines in the text. After 
children trace the lines on the paper, 
encourage them to fold, cut, over- 
lap their paper, to do whatever they 
think will help them find out if the 
lines are parallel. Some may dis- 
cover that if they fold the paper so 
that the fold is perpendicular to the 
lines, the pair of lines will match 
up evenly. If children do not dis- 
cover or consider the method they 
use to be valid, suggest that they 
test their method by using it to in- 
vestigate two lines which very 
obviously are not parallel. 
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— Sa 





@ Let’s explore paralle/ and intersecting lines. 





Investigating the Ideas 

















— 


a ruler and 
a pencil ? 
Answer for D: 
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Discussion 
As you work through the discus- 
sion exercises, highlight the con- 
trast between parallel lines and 
intersecting lines. You may choose 
to incorporate parts of the exercis- 
es on page 75 into this discussion. 
In exercise 1, point out the phrase 
“in the same plane.’”’ Give exam- 
ples of lines not in the same plane 
which do not intersect and help the 
children see that such lines are not 


parallel. 


eee 


Se 


Can you figure out a way to use tracing paper 
to help you decide if the lines would meet ? 


1. Two lines that are in the same plane and 
do not intersect are parallel to each other. 
a Ann said railroad tracks remind 
her of parallel lines. What objects 
$a Sets of pov er 
remind you of parallel lines ? eranemmission lines, double stripes 
B Explain what Jeff meant when he said, ’ ‘Barallel lines 


are everywhere the same distance apart.” 
See Discussion. 


2. Can you draw parallel lines by using 











m 


Do lines /and m intersect ? (Would the black 
lines meet on one side if extended ?) No 









I nvestigation. 





Discussing the Ideas 





ple answers: 


B c 





paper a line and 
folding ? a book ? 


Use one compass length to draw arcs from points 
Aand B. Then repeat procedure with another 
compass léngth to intersectarcs at A‘ and B’. 


AB’ i AB 


a compass 
and a ruler ? 


As children suggest objects which 
remind them of parallel lines, help 
them recall the qualification that the 
lines must be in the same plane. 

Note that in exercise 1B Jeff is 
talking about the perpendicular 
distance. For example, the mea- 
surement must be made along a 
straight line from a point on one 
line to the point directly below it 
on the other line. 


* 4. 


ABIIEF, ABUAG , ABDC, EFIHG, EFIIDC, HGWDc, 
AENBF, AEIICG, AEIIDH, BFIICG, BFIIDH, CGI DH, 


. Name as many pairs of 
parallel edges as you 


can find 


of an aquarium. 
See answers above. 


If we start with two 
intersecting lines and 


in this picture 


cover up “half” of the 
picture, an angle is 


formed by the two rays 
from the point. 


a Draw 


sized angles. witli varg - 


B Label 


angles so that it could be called angle RST (2 RST). 


c Label 


lf two lines intersect 
like this, 





they are 


perpend 


Find out what a 
pcrallelogram is and 
draw a picture of one. 


5 different- 
Constructions 


one of your 


and name the other angles. 


said to be 
perpendicular to each 
other. Draw a pair of 


icular lines. 


See Using the Exercises. 








Using the Exercises 

You may choose to discuss exer- 
cise 2 before assigning the exercis- 
es on page 75. Use the diagram in 
the text to explain the naming of 
angles. Note that the letter at the 
vertex is always written between 
the other two letters which are used 
to name the angle. Also, note that 
the angle consists of the two rays 
and their common point. It does 
not consist of the “‘space” that is 
the interior of the angle. 

As children try starred exercise 
4, some may recall that a parallel- 
ogram is a four-sided figure with 
opposite sides parallel. Others may 
refer to the glossary in the text. 


a 











Using the Ideas 


Angle ABC 
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Help the children organize their 
answers to the Think problem so 
that they can be sure to find 10 dif- 
ferent angles. Angle BAC is the 
same angle as angle CAB. It may 
be necessary to reemphasize that 
when three points are used to de- 
scribe an angle, the common end- 
point of the rays (the vertex) is 
listed as the second point, or point 
“in the middle.” 


Assignments (page 75) 
Minimum: 1, oral; 2-3. 
Average: 1-3. Maximum 1-4. 


Mathematics 
Two lines in the same plane that do 
not intersect are parallel lines. 

Two nonintersecting lines which 
are not in the same plane are skew 
lines. (Any two intersecting lines, 
of necessity, are coplanar; that is, 
they are in the same plane.) 

Two lines that intersect at right 
angles are perpendicular lines. 

A parallelogram is a quadrilat- 
eral having two pairs of parallel 
sides. 

An angle is the union of two rays 
from a single point. 


Solution, Think, page 75 
The 10 different angles which may 
be found: 


ZBAC ZLCAE 
ZBAD LCAF 
ZLBAE AIDAE 
ZL BAF ZL DAF 
“CAD. ZEA 


Resources for Active Learning 


Franklin Series: Pencil and Paper 
Geometry, “‘Intersecting Lines,” 
pp. 44-47, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 

Inquiry in Mathematics via the Geo- 
board, “Parallel Line Segments,” 
Geo-Cards 27/ 1-6, Walker. (Avail- 
able from Fitzhenry and White- 
side) 

Nuffield Project: Shape and Size 3, 
Py . parallels and angles,” 
pp. 9-10, Wiley. 


Workbook, page 22 


‘pe 


PAGES 76-77 
Objective 

Given two angles, the child will 
be able to determine whether or 
not they are congruent. 


Preparation 

Materials 

tracing paper; 
child) 

To prepare for this lesson, you 
might remind the children that two 
segments are congruent if their end- 
points are equally far apart. Explain 
that in this lesson they will investi- 
gate ways to determine whether 
two angles are congruent. 


compass (1 per 


Investigation 

Have tracing paper available, but 
do not distribute it until children 
decide they need it, or until it is 
necessary to suggest that it may 
help them. By tracing one angle, 
they can place it on top of another 
to compare the two. Some children 
may be familiar with use of a pro- 
tractor; others may be able to usea 
compass to mark same-size arcs on 
each angle and measure the dis- 
tance between these marks. You 
might find it necessary to remind 
some children that they are to com- 
pare how wide the angles “open,” 
not how long the rays are. 
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Discussion 





When dealing with segments, the 
children’s intuition is sufficient to 
help them determine whether or 
not a given segment is longer than 
another. However, their intuition 
may not serve them quite so well 
in determining whether or not one 
angle is larger than another. 

It is important for children to 
realize that the length of the rays 
shown in pictures of the given an- 
gle does not determine the size of 
the angle. Remind them that they 
are to imagine the rays going on and 
on endlessly. In exercise 3, we first 
show an angle with the ends of the 
rays covered, and then show that 





@ When are two angles congruent? 


Investigating the Ideas 


Each of these objects could remind you of an angle. 





Ope 
widest” 





Can you find a way to decide 
which “angle” is “open widest” ? 


Discussing the Ideas 


1. Explain how you decided which angle in the Investigation 
was “open widest” (largest) and which was smallest. 
Answers will vary. 

2. Two angles are congruent if neither is larger than the other. 


Are any of the angles in the Investigation congruent : ? 
Yes, the angle of the compass and EE 
the angle of the scissors 

3. Think about the angle in a. 


We might uncover the drawing 
and find sb, or we might find 

c. Is the angle in c larger 

than the angle in B ? Why or 
why not ? Explain how you 
think we compare angles. 

All are congruent. See Discussion. 





i.e 





the rays might be of one length or 
another, but the angle would be 
the same. Emphasize that all three 
illustrations represent the same 
angle, and that the length of the 
rays shown does not determine the 
size of the angle. 

As children explain how we com- 
pare angles they might refer to the 
“opening of an angle” or to the 
“space between the rays.” In the 
following lesson, they will be intro- 
duced to the measure of an angle. 








See Investigation. 








1. Study this method of comparing two angles. 


To compare / D 
with 2 E 


Hab tg 
Ee 


Use the method above to tell which angle is larger. 


trace / D and 





Using the Ideas 


place the tracing 


over LE. 






ALE z BLG CZH 
ere H 


To compare LF 
with 1G 


F 


G 


BW se sear 


Study this method of comparing two angles. 


mark two arcs with 
the same compass 
opening, and 


met 
lee 


Draw two angles on your paper. Use your compass to decide 


check these 
distances. 


whether or not the two angles are congruent. 
Constructions will vary. 


Using the Exercises 
This exercise set presents two 
methods by which angles may be 
compared. The first is one most 
may have used in the investigation, 
the use of tracing paper. Stress the 
importance of tracing the first angle 
very carefully in order to compare 
it accurately with the second angle. 
In the method suggested in exer- 
cise 2, make sure children compare 
distances between the two rays, 
not the distances from the vertex to 
the two points on the rays. They 
might also use a ruler to measure 
this distance between the two points 
of intersection on the arc and the 
angle. 


Assignments (page 77) 
Minimum: 1. Average: 1-2. 
Maximum: 1-2. 





Bi 





Mathematics 

The method of angle comparison 
suggested in exercise 2 is based 
upon comparison of segments and 
is nonmetric in nature. 


B D 


| 
A E 
I 


c E 


To compare ZA and ZE, we 
choose points B, C, D, and F on 
the sides of the two angles so that 
AB = AC = ED = EF 
Then we compare the ‘‘openings”’ 
of the angles (BC and DF). 
If BC = DF, then 2A = ZE. 
If BC > DF, then 2A >ZE. 
If BC < DF, then ZA < ZE. 





Resources for Active Learning 

[Other uses for the compass may 
be found in the resources listed 
here.] 

Experiments in Mathematics, Stage 
1, pp. 32-33, Houghton Mifflin. 
(Available from Thomas Nelson 
and Sons) 

Franklin Series: Patterns and Puz- 
zles, “Line Design,” pp. 36-41, 
Lyons and Carnahan. (Available 
from McGraw-Hill Ryerson) 

Maths Mini-lab, Card 117; 131- 
133, Selective Educational 
Equipment. 





Workbook, page 23 
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PAGES 78-79 
Objective 

Given an angle and a unit angle, 
the child will be able to measure the 
angle in terms of the unit angle. 


Preparation 
Materials 
paper for tracing and cutting 

The nature of this lesson makes 
it appropriate to begin immediately 
with the investigation. 


Investigation 

The accuracy of the children’s trac- 
ing will affect the results of their 
investigation. Some may choose to 
trace the angles they are to measure 
as well as the unit angle. Being able 
to mark the unit positions with pen- 
cil in the interior of each angle 
would facilitate accurate measuring. 
You might suggest that those who 
finish quickly draw an angle which 
measures 3 of Ann’s units, or 5, or 
some other multiple of it. 


Investigating the Ideas 


Trace this unit angle 
and cut it out. 


Ann measured £4 ABC using 
the unit angle shown. 

The red marks show where 
Ann placed the unit as 

she measured. What is 

the measure of 7 ABC 
using Ann’s unit ? 4 











Can you use the unit angle to find 
the measure of each of these angles ? 


E Almost {3 


D3 


Discussing the Ideas 


@ How are angles measured? 


One, two, — 2d 
three, four. — 












1. Explain how you measured the angles above. sample answer: 
Count the number of times the unit angle can be placed within the angle) 
2. a Could you use unit angles of other sizes to measure ’eing measure 
the angles above ? Yes 
b How would the measures of the angles above differ if 
j it 2? Measure would be 
you used a smaller unit ? a larger unit ? Measure woke bea 
Measure would be a larger number. 
3. How is measuring an angle like measuring a segment ? 
To measure each one, you count a chosen unit, 





i 
| 








Discussion Also, in both, a unit is chosen and 
As various children explain how’ the unit is counted to give the 
they measured the angles in the measure. 

investigation, point out the fact that 

all of them counted the unit to find 

the measure. If they were able to 

place the unit 3 times within an 

angle, we say the measure of that 

angle is 3 units. In exercise 2B, be 

sure to let the children test their 

answers. For example, they may 

make an angle unit larger than 

Ann’s and see if the measures of 

the angles become larger or smaller. 

As you discuss exercise 3, remind 

the children that, just as the mea- 

sure of a segment is a number, the 

measure of an angle is a number. 
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*5. 





measure: a4 B7 c¢2 


. The corner of your book suggests 


a right angle. Draw a right angle 
on your paper and measure the 


angle. Use the unit you cut out 
on page 78. 
Angle measure will be 9. 


Here is an angle unit that was chosen by the Sumerians over 
4000 years ago. It is one of the units used most often today. 


a aS 
This angle unit is called a degree, The measure of a right angle, 
using the degree, is 90. We say the measure of the right angle 

is 90 degrees. We write 90° for 90 degrees. 

a Trace the angle below. Give its degree measure by placing 


it over the unit above. 5° 





B If the degree measure of the unit used in exercise 1 is 10, give 


the degree measure of each angle you drew in exercise 1. 
A 40° B 70° C20° D1I50° £50° F 100° G i80° 


Here is one special angle unit 
often used. It is called a radian 
On tracing paper, draw an angle 
with radian measure 3. 


Using the Exercises 


. Use the unit you cut out on page 78 and draw an angle with 


p 15 


. An acute angle is an angle that is less than a right angle. 
An obtuse angle is an angle that is greater than a right angle. 
Which of the angles you drew for exercise 1 are acute ? obtuse ? 





Using the Ideas 


Ete kr a eee 1S 





A,B,C,E D,F,G 


29 





Before assigning the exercises on 
page 79, you might discuss the 
terms acute angle, obtuse angle, 
radian, and degree. However, the 
topic of degree measure will be 
treated further in subsequent les- 
sons. The most important point in 
this lessonis for the children to gain 
a feeling for the idea of angle mea- 
sure in general. Note that with the 
introduction of degree measure, a 
right angle may be defined as an 
angle that has degree measure 90. 
Explain the use of the degree sym- 
bol (°), as in 90°. 


Assignments (page 79) 


Minimum: 1-4A. Average: 1-4. 


Maximum: 1-S. 


Mathematics 

The special unit of angle measure 
(radian) given in exercise 5 is a use- 
ful unit in the study of trigono- 
metry and advanced mathematics. 
By definition, a radian is an angle 
which, if its vertex is at the centre 
of a circle, subtends (cuts off) an 
arc that is equal in length to the 
radius of the circle. 


one 


Since the circumference of a circle 
is 277 times the radius of the circle, 
the length of a semicircle is zr; 
hence, an angle that measures 180° 
also has a measure of 7 radians 
(7 = 3.1416). Thus, one radian is 
approximately 57.3°, and one 


degree is approximately 0.017 
radian. 
Follow-up 


To add to the children’s under- 
standing of measuring angles with 
unit angles, give them worksheets 
similar to the following. 





Each small angle in the figure be- 
low is congruent to the unit angle. 
Find the measure (m) of each angle. 


DEG 
C VE 
B A H 


unit 
ie PAH 2) YeiGHoO= am 
2 DA HT SEOs PORAH 
mit BAR SNA RARS AM 














Using only the points labelled in the 
sketch above, give the symbols for 
each angle. Answers will vary. 


1. An angle with measure 4. (CAG) 
2. An angle with measure 2. ___ 
3. An angle with measure 5. ___ 
4. Two angles with measure 5. ___ 
5. Two angles with measure 6. __ 








6. Three angles with measure 2. al 





L 
Resources for Active Learning 
Applied Mathematics Cards, 


Group 2/19, 22, Schofield and 
Sims. (Available from Mafex As- 
sociates, Willowdale) 

Developmental Math Cards, J?2, 
Addison-Wesley. 

Franklin Series: Pencil and Paper 
Geometry, ‘‘Triangles,” pp. 81- 
84, Lyons and Carnahan. (Avail- 
able from McGraw-Hill Ryerson) 
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PAGES 80-81 
Objective 

Given an angle unit and suitable 
materials, the child will be able to 
make and use a protractor. 


Preparation 
Materials 
scissors; tracing paper 

To prepare for the investigation, 
use the text illustration of the ruler 
and the unit to review the concept 
of measurement as the counting of 
units. 


Investigation 

Have tracing paper available so 
that, if necessary, children may 
trace and cut out the unit angle 
again. You might find it necessary 
to help children use the compass 
in the proper manner. 

For example, suggest that they 
draw on tracing paper a circle with 
a radius of 4% centimetres. They 
should then fold and cut out exact- 
ly half the circle and trace the angle 
units side by side. Point out the 
numerals on the protractor so that 
children will number theirs begin- 
ning with zero (QO) on the edge. The 
measures they find for the angles 
on page 78 should not differ from 
those found in the investigation 
for that page. However, children 
might find that the protractor is 
easier and more accurate than try- 
ing to place and count a single angle 
unit. 
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Unit 


of  FAE? 3 


is 4 units. 


of L/AH?5 
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Discussion 

As you discuss and demonstrate 
the use of a protractor, point out 
that the vertex of the angle is 
placed at the centre point and that 
the “‘bottom”’ ray of an angle should 
run along the edge of the protractor 
from the ray from the centre point 
to zero. As you discuss exercises 2, 
3, and 4, point-out the convenience 
of subtracting. For example, to 
prove that the measure of 2 JAF 
may be found by subtracting 3 (the 
unit along AF) from 15 (the unit 
along JA), show the children how 
to turn the protractor slightly so 
that the ray AF lines up with its 
edge, and then measure Z/AF by 


Investigating the Ideas 


A ruler has several segment units 
placed end-to-end to make it easier 
for you to find length. A protractor has several angle units 
placed side-by-side to make it easier for you to measure angles. 
The numerals on the ruler and 
protractor make it easier for 
you to count units. Use 

the “unit” from the last 
lesson and a compass 

to make a protractor. 


‘se cog i Pe 


1. What is the measure 


2. Explain how to 
tell that 2 GAF 


See Discussion. 
3. What is the measure 


@ Let's make and use a protractor. 


LUnit > 





Can you use your protractor to measure the angles 
in the Investigation on page 78 ? See Investigation. 





Discussing the Ideas 


This picture of a protractor is placed over some 
rays from point A. Compare this protractor 
with the one you made. 





J A 


4. Explain how to find the measure of / /AF quickly. 


See Discussion. 











counting the number of units from 
zero. Both measures should be the 
same —in this case, 12. 

It would be helpful to demon- 
strate measuring angles in degrees 
with a chalkboard protractor or on 
the overhead projector. Help chil- 
dren realize that the protractor they 
made in this lesson is different from 
an ordinary protractor of degree 
measure only in the size of the 
angle unit. 





= meee 


1. Use the figure in the Discussion to give the measure 


of the following angles. 


Ask GAP 7 
B /EAH i090 


2. Use the protractor you made to measure these angles 


c (EAI \5 
pd /JA/ 3 


to the nearest unit. 


_.. 
ToS 


3. This is a protractor that 
can be used to measure 
angles when the degree 
is the unit. It is 
placed over some 
rays from point A. 
Give the degree 
measure of these 


angles. 


A HAF 
0° 


4. Use a degree protractor to measure the angles in exercise 2. 






B DAH 
izo° 


c HAG 
35° 84° 


p HAE 


A 44° or 45° B 85° or BE° C 5l° or 52° 








Using the Exercises 
Note that exercise | on page 81 
requires that children refer to the 
figure at the bottom of page 80. 
One of the important goals of 
this lesson is for children to be 
able to use an ordinary protractor 
calibrated in degree measure. Thus, 
you may choose to diseuss and 
check exercises 3 and 4 rather care- 
fully. If children have commercial 
protractors which number the units 
from left to right as well as from 
right to left, you might explain that 
they need only concern themselves 
with the scale which is comparable 
to the protractor illustrated on page 
81. Children who are sufficiently 


E JAG \\ 
Ff FAS 16 


eH 
E HAC F BAC 
148° 32° 
D 100° 
100 91 


Using the Ideas 


e 1GAH 3 
H Z/IAG 8 











interested might do personal re- 
search to learn how to use the left- 
to-right numerals. 


Assignments (page 81) 
Minimum: 1-3. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

As a summary, direct the children 
to measure the unit they used to 
make their protractors. Then have 
them compare their protractors 
with a degree protractor. They 
should discover that each unit on 
their protractor has the measure 
10° and that their unit angle also 
has the measure 10°. 

More capable and interested chil- 
dren might again measure the an- 
gles in exercise 2 with a protractor. 
They can see how well they mea- 
sured the first time by comparing 
the degree measures with their unit 
measures multiplied by ten. 


Resources for Active Learning 

Developmental Math Cards, K23, 
Addison-Wesley. 

Mathex: Geometry No. 9, “‘Intro- 
ducing the Use of Instruments,” 
pp. 29-30, Encyclopaedia Bni- 
tannica Publications Ltd. 

Measure and Find Out, Book 2, 
“*Measuring Circles and Angles,” 
Activity 1/4, Scott Foresman. 
(Available from Gage Educational) 


Duplicator Masters, page 13 
Workbook, page 24 
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PAGES 82-83 
Objective 

Given a triangle, the child will be 
able to identify it as isosceles, 
equilateral, scalene, or right. 


Preparation 
Materials 
tracing paper; scissors 

To prepare for this lesson, re- 
view the concept of symmetry. You 
might simply use the explanation at 
the top of page 82 for this purpose. 
It would also be helpful to exhibit 
a few symmetrical figures, other 
than triangles, and show these fig- 
ures folded along a line of sym- 
metry. 


Investigation 
Stress with the children the impor- 
tance of tracing and cutting the tri- 
angles accurately. Also, remind 
them to label their triangles accord- 
ing to the labels in the book and to 
record their conclusions. Since tri- 
angle D is an equilateral triangle, 
it has 3 different lines of symmetry. 
You might suggest that those 
who finish quickly try to draw a 
triangle which has only one line of 
symmetry, or 3 lines of symmetry, 
or no lines of symmetry. 
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® Let’s explore triangles and symmetry. 


Investigating the Ideas 


A figure has a line of symmetry if 
a fold on that line makes two halves 
of the figure that match exactly. 





Trace and cut out these triangular shapes. a | 
Line of symmetry 





Show the lines 
by folding 
the figures. 


Which of the shapes has 3 different 
lines of symmetry ? only one line 
of symmetry ? no lines of symmetry ? 





Discussing the Ideas 


1. An isosceles triangle has 1 line of symmetry. 
Choose an isosceles triangle above and show, by folding, 


that it has 2 congruent sides and 2 congruent angles Resch intone: 
(Triangle Dis also a possibility, Since equilateral triangles are also erecnie SS ) 
2. An equilateral triangle has 3 lines of symmetry. Show, by a 
folding, that it has 3 congruent sides and 3 congruent angles. 
See triangle D above. , 
3. Ascalene triangle has no lines of symmetry and no 
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Discussion 

The chief purpose of this lesson is 
to enable children to identify dif- 
ferent kinds of triangles. Help them 
with the pronunciation and mean- 
ing of the terms. 

Isosceles triangle—Two_ sides 
are congruent; two angles are con- 
gruent. 

Scalene triangle—No sides are 
congruent; no angles are congruent. 

Equilateral triangle— All three 
sides are congruent; all three an- 
gles are congruent. 

Right triangle —One angle of the 
triangle is a right angle, that is, its 
measure is 90°. 

Isosceles right triangle— A right 


congruent sides. Which triangle above is scalene ? c 


4. Which two triangles above do you think are 
right triangles ? Why? B and C; each hasa right angle. 


triangle which has two congruent 
sides 

To relate the concept of sym- 
metry to the different kinds of trian- 
gles, point out that, when a triangle 
has a line of symmetry, two sides 
on either side of the line of sym- 
metry must be congruent. Thus, 
because the equilateral triangle has 
3 lines of symmetry, it has 3 pairs 
of congruent sides. A_ triangle 
which has only one line of sym- 
metry must have only one pair of 
congruent sides; hence, it is an 
isosceles triangle. 








4 E 


x. 3 


Using the Ideas 


Describe each triangle by writing isosceles, equilateral, 
scalene, right, or a combination of these. 
i Isosceles . i hone cn . Salgre 
aaa N Se 
and isosceles 
a A student drew fold lines on 
a triangle (picture a) [A] 
and then folded to Bake 
form a rectangle yy N Ai 
(picture B). oa * 
The “angle flaps” fit together exactly with no overlap. 
Can each of the four triangles you cut out in the 
Investigation be folded to exactly form a rectangle ? Yes 
Bs Another student 
placed a protractor think 
like this: 
What does this 
suggest about the 
sum of the angles 
of a triangle ? 
The sum is 180°. 
Make an equilateral 
triangle by using 
A apaper clip, 
2 pencils, and 
aruler. C=) 
B acompass and 
a ruler. 
c paper (for folding) 
and pencil. 
See Solution, TE. page 83. 


Using the Exercises 

Assign the exercises on page 83 as 
independent or small-group work. 
Encourage children to treat exer- 
cises 2 and 3 as investigative exer- 
cises. When they have finished, 
check their work and allow time for 
discussion. 

In exercise 1, do not expect chil- 
dren to give every possible identi- 
fication of each triangle. As you 
discuss exercise 2A, have the chil- 
dren note not only that the isosceles 
triangle can be folded into a rec- 
tangle but that this rectangle is a 
square. In exercise 2B, make sure 
the children realize that the pro- 
tractor is being placed on top of the 


Suppose you have a 3-nail 
by 3-nail geoboard. 


cN\ 
es S| Bx 


Can you show on dot paper 
4 differently shaped 
__ isosceles triangles that 
~. can be formed with rubber 
_ bands on the board ? : 
See Solution, TE. page 83. 








<p 








three angles of a triangle that has 
been folded into a rectangle, as in 
exercise 2A. Stress the conclusion 
that the sum of the angles of a tri- 
angle is 180°. 

For starred exercise 3A, the chil- 
dren might use the paper clip as a 
radius and find a point on the arc 
that is the length of the paper clip 
away from both points. 


Assignments (page 83) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 


Solution, exercise 3C, page 83 

The figure below suggests how an 
equilateral triangle may be formed 
by folding paper. 


PNA 


Fold a sheet of paper in half. Seg- 
ment BA is the base of the triangle. 
Fold corner A to the middle fold 
and draw segment AB. Fold corner 
B to the middle fold and draw seg- 
ment BA. Since the base, BA, and 
the two sides that were drawn all 
have the same length, the triangle 
is equilateral. 


Solution, Think, page 83 

Besides the triangle illustrated in 
the problem itself, the other isos- 
celes triangles of different shapes 
that can be formed are as shown 
below. Note, however, that, al- 
though the lower two differ in size, 
they are the same shape; hence, 
only one of the two should be in- 
cluded among the child’s drawings 
of ‘4 differently shaped isosceles 
triangles.” 





Resources for Active Learning 

Experiments in Mathematics, Stage 
1, “Triangles and Quadrnilat- 
erals,” pp. 20-21, Houghton 
Mifflin. (Available from Thomas 
Nelson and Sons) 

Math Activity Cards, D16, Mac- 
millan. 

Mathex: Geometry No. 9, “Sides 
of Triangles,” pp. 27-28 (pupil 
pages 35-37), Encyclopaedia 
Britannica Publications Ltd. 
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PAGES 84-85 
Objective 

Given two triangles, the child 
will be able to determine whether 
or not they are congruent by trac- 
ing one and comparing it to the 
other. 


Preparation 
Materials 
tracing paper 

To prepare for this lesson, re- 
view symbols for line segments, 
(AB), and for angles (2 CAB). 
Make sure the children realize that 
the label of the vertex of an angle 
is written between the labels of 
points on the rays. Thus, 2 CAB, 
has its vertex at point A, whereas 
Z ABC has its vertex at point B. 


Investigation 

Notice that there is no need for 
children to cut out triangle ABC 
in order to conduct this investiga- 
tion. They need only use the traced 
figure, turning it over as well as 
around. However, remind them to 
label their triangle as in the text. 
This will facilitate the discussion of 
the parts of a triangle. Of course, 
children should record their results 
as usual. You might demonstrate 
how to abbreviate an expression 
such as “‘triangle ABC” by writing 
A ABC on the chalkboard. 


84 








e 


@ When are two triangles congruent? | 


Investigating the Ideas 


Trace triangle ABC. 


Tracing paper 


By sliding, turning, or flipping the tracing 
paper, on which of the other triangles can you 
make the tracing of triangle ABC fit exactly ? 





In the Investigation 
you found triangles M4 
that are congruent! 
to triangle ABC a S vee sik 
(AABC). Explain this definition. Then use triangles ABC 
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Discussion 

To begin this discussion, point out 
the various parts of A ABC. For ex- 
ample, you might say: “One of 
the angles of this triangle is 2 CAB. 
Name the other two.” (ZCBA or 
ZABC, and ZACB or ZBCA) 
Also, you might say: “One of the 
segments of this triangle is AB. 
Name the other two.” (AC and CB) 
You might repeat these questions 
and have children also identify 
parts of another triangle, such as 
ADEF. 

In order to understand and ex- 
plain the definition of congruent 
triangles, children must understand 
the idea of congruence of angles 


and DEF above and give the missing segment or angle for each ||il. 


<FDE i 


~ off — 


EF ill 





and segments. A development of 
the table in the text should help 
clarify the definition. Have children 
place their traced AABC over 
ADEF so that they can see for 
themselves that each segment and 
angle of AABC is congruent to the 
corresponding part in ADEF. You 
may want to make a table like the 
one at the bottom of the page that 
shows the corresponding parts for 
AABC and AMON, since AABC 
= AMON. 


DF =|) CBA <FED il 
| LACB Zero Il 











Mathematics 

Congruence of triangles is defined 
in terms of congruence of segments 
and congruence of angles. Briefly, 
two triangles are congruent if there 
is a One-to-one correspondence of 
the vertices of the two triangles 
such that, under this correspon- 
dence, the corresponding parts of 
the two triangles (the segments and 
angles) are congruent. When we 
write 


Using the Ideas 


1. For each exercise, tell (just by looking) which 
pairs of triangles are not congruent. 


ee vw 


Not congruent Not congruent 


ey ee! /\ 

Not congruent =< AXYZ = AMNP, 
the letters in the order named in 
each triangle indicate the corres- 
pondence and tell which pairs of 
sides and angles are congruent. 


Thus, 


Not congruent 
2. For each exercise, trace one of the triangles on 
a thin sheet of paper. Use this tracing to tell 
whether or not the two triangles are congruent. 


z LX =ZM, ZY =CZN, and 
LL OP. 
Similarly, 
rien XY = MN, YZ = NP, and 
XZ = MP. 
Follow-up 


Children might draw pairs of tri- 
angles —some congruent, some not. 
Then they might exchange papers 
and try to determine which tri- 
angles are congruent. At this level, 
encourage children to use the trac- 


| 
ee | Congruent 


Not congruent 
3. The pair of right triangles (each has 
one right angle) below is congruent. . 
Give the missing angles or segments 























in the table. ing method for constructing trian- 
G L K gles and checking for congruence. 
Resources for Active Learning 
™ < Inquiry in Mathematics via the 
a ! J Geoboard, ‘‘Congruent Trian- 
gles,” Geo-Card 22, Walker. 
85 (Available from Fitzhenry and 
Whiteside) 
Using the Exercises understanding of the concept of 0 ee 
On page 85, encourage the children congruence. Workbook, page 25 
to do exercise 1 simply by observa- When the children have com- 


tion and without tracing or using _ pleted the exercises, allow time for 
any mechanical device. They discussion and checking papers. 
should note immediately that the Note that in these exercises, they 
only pairs of triangles that could apply their understanding of the 
possibly be congruent are those in. definition of congruent triangles, 
parts C and E. Perhaps they can- but they should not be required to 
not tell positively that these are memorize it. 

pairs of congruent triangles, but 

they can see that, if any pairs of 

the triangles are congruent, the 

congruent pairs would have to be 

C and E. You may wish to give 

some children a pair of labelled Assignments (page 85) 

congruent triangles to manipulate Minimum: 1-2. Average: 1-3. 

so that they can reinforce their Maximum: 1-3. 
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PAGES 86-87 
Objective 

Given tangram pieces, the child 
will be able to use them to form 
polygonal shapes. 


Preparation 

Materials 

tracing paper; scissors; envelopes 
for storing tangram pieces 


The nature of this lesson makes 
it appropriate to begin immediately 
with the investigation. 


Investigation 

Although this investigation may 
be done with the tracing paper sug- 
gested, you might prefer that the 
children use stiffer paper. For this 
purpose, it would be helpful to 
prepare a duplicating master of the 
tangram pieces (Duplicator Mas- 
ters, page 67), run them off on stiff 
paper, and distribute them for the 
children to cut out. The suggested 
envelopes should enable children 
to keep their tangram pieces to- 
gether for future use. Since all of 
the triangles are isosceles right 
triangles, the first two investigation 
challenges require simply that the 
hypotenuses of each of the two tri- 
angles be placed together so that 
they form the diagonal of a square. 
The last activity is quite challeng- 
ing. Children may need extended 
time to make a square using all 
seven pieces. If some children be- 
come frustrated, you might ask 
them if they want a hint; if so, show 
them the correct position of the 
shaded figures in the following dia- 
gram of the solution. 
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Discussion 
As you discuss the investigation, 
review with the children the names 
of the various shapes of the tan- 
gram pieces. For example, point 
out how the two large right triangles 
can be placed together to form one 
larger right triangle whose hypot- 
enuse is the diagonal of the whole 
square. Similarly, point out the 
trapezoid which is formed by the 
small square and the two small tri- 
angles on opposite sides as they 
are placed in the square. 
Discussion exercise | reviews 
not only the parallelogram, but also 
how the diagonal of a parallelogram 
will separate it into two congruent 


® Can you use tangram pieces to form polygon shapes? 








Investigating the Ideas 


Here are the seven pieces of the tangram puzzle. 


qos 


Trace these seven shapes and cut them out. 
Use the two large triangles to form a square. 
Use the two small triangles to form a square. 


Can you place the seven pieces together 


to form a square ? See Investigation. 





Discussing the Ideas 


1. The green tangram piece is a parallelogram. 
Which two pieces will exactly cover it ? 
The two small triangles 
2. Can you find three pieces that will exactly cover 
one of the large triangles ? 
The square and the two small triangles 
3. Arhombus is a parallelogram 
which has 4 congruent sides. 
Do you think you can place 
some of the tangram pieces 
together to form a rhombus ? 
See Discussion. 


triangles. In exercise 2, point out 
how the fitting of the small square 
into the top vertex of the large tri- 
angle shows that that angle is a 
right angle and therefore that the 
triangle is a right triangle. In exer- 
cise 3, every rhombus formed by 
the tangram pieces will also be a 
square. 

Continue this review of geo- 
metric terms and shapes as you 
proceed to page 87. 











Use all 7 pieces of the tangram puzzle to make each of these 
shapes. Your shapes will be larger than the ones shown. 
1. 





Rectangle 





Parallelogram 





Trapezoid 


Using the Exercises 

Before assigning the exercises on 
page 87, use the illustrations in the 
text to review polygons and the 
terms used to name the more com- 
mon polygons. Remind the children 
that a polygon is a many-sided 
figure. You might use questions 
such as the following to review var- 
ious characteristics of the figures. 


‘‘What can you say about oppo- 
site sides of a parallelogram?” 
(They are parallel.) 

“Would you say that the opposite 
sides of a rectangle are parallel? 
Then arectangle is alsoa ? .” 
(parallelogram) 








Using the Ideas 


Triangle 


Hexagon 
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‘‘How many sides has a hex- 
agon?”’ (6) “An octagon?” (8) 

“What can you say about one 
pair of opposite sides in a trape- 
zoid?”’ (One pair of sides are par- 
allel; the other pair are not.) 

You should not expect the chil- 
dren to solve all of the puzzles, but 
encourage them to try to put to- 
gether at least one or two of the 
figures. 


Assignments (page 87) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-5. 


Mathematics 
In this lesson, the names of several 
polygons are reviewed or intro- 
duced by means of work with tan- 
grams. 

A polygon is a closed plane fig- 
ure that has segments as its sides. 

A quadrilateral is a polygon with 
four sides. 

Some of the special kinds of 
quadrilaterals are described below. 

A trapezoid is a quadrilateral 
that has one pair of parallel sides. 

A parallelogram is a quadrilat- 
eral that has two pairs of parallel 
sides. 

A rectangle is a parallelogram 
that has right angles. 

A square is a rectangle that has 
four congruent sides. 

A rhombus is an equilateral par- 
allelogram. 


Follow-up 

Encourage children to use the tan- 
gram pieces to make a variety of 
shapes. 


bg 


Cat 


Resources for Active Learning 

Independent Exploration, ““Chinese 
Tangram Puzzle Kit,’ Concept 
Co. 


87 














PAGES 88-89 
Objective 

Given a polygon, the child will 
be able to find its perimeter. 


Preparation 
Materials 
centimetre rulers 

You might prepare for this lesson 
by reviewing polygons studied in 
the previous lesson. Exhibit a 
variety of polygons and ask chil- 
dren to identify them with the 
proper term. You might also review 
the centimetre ruler, pointing out 
the tenths between each centimetre 
mark. 


Investigation 

In this investigation, children re- 
view a concept which, if they have 
studied from previous books in this 
series, should not be difficult for 
them. Encourage independent work 
and remind children to record their 
results. 


88 


See above. 


of the sides of a 


you can find 


88 





Discussion 

Have the children explain the 
method they used to find the pe- 
rimeter of each figure in the investi- 
gation. Ask children to write on 
the chalkboard an equation which 
will illustrate how to find the pe- 
rimeter. For example, the four- 
sided polygon might be matched 
with this equation: 


§5+2+4-+ 3 = 14 (centimetres) 


As you work through these exer- 
cises, stress the word perimeter 
and have the children give the def- 
inition in their own words. 

In exercise 3, children must be 
careful to “roll” the polygon accu- 


A bug walks along the sides of a polygon 
until he gets back to his starting point. 


2. If the lengths of the sides, of 
a polygon are whole numbers, 
itis easy to find the perimeter 
with a ruler. What is the 
perimeter of this triangle ? 9 


3. When the lengths 


whole numbers, 


Investigating the Ideas 


Can you use your centimetre ruler to find how far 
the bug has to travel for each polygon above ? 





Discussing the Ideas 





rately, so that the measurement of 
each segment begins where the pre- 
ceding one ended. After they com- 
plete the rolling process, they could 
use their centimetre ruler to mea- 
sure the total segment representing 
the perimeter. 


@ How do you find the perimeter of a polygon? 





A locm 
B i3cm 
Cc li4cm 


1. The perimeter of a polygon is the sum of the lengths of 
its sides. What is the perimeter of each polygon above ? 





the perimeter by ‘‘rolling” the polygon along your ruler. 


Explain how to find the perimeter of triangle ABC. 
See Discussion. 














1. Use your centimetre ruler to find the perimeter 


of each polygon. 


Alocm 


hy 


Draw a triangle, a quadrilateral, a pentagon, and a hexagon, 
and find the perimeter of each. peter alte and perimeters 


Use this method to find 
the perimeter of this 
polygon to the nearest 
centimetre. || cm 


BIzZzcm 


Here is a way to use a strip of paper to help 
you find the perimeter 
of a figure. 


More practice, page A-6, Set 11 


Using the Exercises 

Assign the exercises on page 89 as 
independent work. The method sug- 
gested in exercise 3 is somewhat 
similar to the “rolling process” de- 
scribed on page 88. When children 
have finished, check their work and 
encourage them to share opinions 
as to which method of finding pe- 
rimeters they think is easiest. 

The trick to the Think problem 
is that, although only twelve posts 
are left for the short sides (thus, 
six posts to be placed on each short 
side), two corner posts count both 
ways, so each short side will actu- 
ally have eight posts. 


c 






Using the Ideas 


89 


Assignments (page 89) 


Minimum: 1. Average 1-2. 


Maximum: |-3. 





Follow-up 

Suggest that some children draw 
a variety of polygons on newsprint, 
measure the sides to the nearest 
centimetre, and then find the peri- 
meters. Or, give three groups of 
children a duplicated sheet showing 
6 or 7 polygons. Ask one group to 
measure to the nearest whole unit 
and find the sum of the sides for the 
perimeter of each polygon. Direct 
another group to cut out each poly- 
gon and use the “rolling” technique 
demonstrated on page 88 to find the 
perimeters. Direct the third group 
to use the strip-of-paper method 
suggested in exercise 3 on page 89. 
These groups can then compare re- 
sults to gain some insight into ac- 
curate measurement. 


Resources for Active Learning 

Developmental Math Cards, ‘‘Con- 
servation of Perimeter,” [28, 
12717, Addison-Wesley. 

Franklin Series: Pencil and Paper 
Geometry, “‘Perimeter,” pp. 71- 
74, Lyons and Carnahan. (Avail- 
able from McGraw-Hill Ryerson) 


Duplicator Masters, page 14 
Workbook, page 26 
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PAGES 90-91 
Objective 

Given a parallelogram, or an- 
other polygon of rectangular shape, 
the child will be able to find the 
area. 


® Let's find the area of some polygons. 





Investigating the Ideas 










If each small square on the 
geoboard is 1 unit of area, 
the area of each of the 
polygons A and B is 

4 square units. 


Preparation 

Materials 

geoboard (1 per child) or dot paper; 
graph paper (Duplicator Mas- 

ters, page 61) 

To prepare for this lesson, brief- 
ly review with the children the con- 
cept of area. For example, ask them 
about the amount of surface cov- 
ered by a rug in the classroom, or 
by the chalkboard, or by a picture, 
and remind them of the term area. 
If you are sure children recall the 
term, begin immediately with the 
investigation. 


See Investigation. 











Record your 
regions on 
graph paper. 


Can you find at least 8 more 
differently shaped regions that 
each have an area of 4 square units ? 









Discussing the Ideas 


Explain how you would find the area of each rectangle. 
The unit is a square centimetre. 


1.42cm 4in each row 


Investigation 

Although it is possible to work 
with this investigation on dot paper, 
the geoboard is a much more 
suitable device. Notice that in the 
sample region, figure A, the chil- 
dren must consider half units. Chil- 
dren should be encouraged to try 
to use half units in their figures as 
well. Note that both convex and 
concave polygons (see ‘“‘Mathe- 
matics,” T.E. page 91) are ac- 
ceptable. 

Remind children to record on 
graph paper each figure they find in 
this investigation. Some regions 
with area of 4 square units are the 
following: 









\Gcm? 


4. 





Centimetre ruler 
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Discussion 

After you discuss the various 
shapes children found on the geo- 
board, use the discussion exercises 
to develop the method of finding 
area of a rectangle by multiplying 
the length and the width. Also refer 
to any shapes in the investigation 
which might be used to illustrate 
that the number of rows times the 
number in each row will give the 
area of a rectangle. 









You might also have children re- 
peat the investigation looking for 
shapes that have an area of 6 square 
units. 
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1. Find the areas of each polygon. Pretend the unit of area is the 
Square centimetre and the lengths given are in centimetres. 


A 2\cm 


Estimate the area 
of parallelogram ABCD. is 





. Trace the 
rectangular 
“hole” and the 
parallelogram 
of “wood.” 
Cut out the piece of “wood”, and then cut along the dotted line. 
Paste the pieces so they completely “fill” the hole. 


“wood” 


a What is the area of the rectangle? a2 


B What is the area of the parallelogram? 9... 





. Think about forming a 
rectangle as in exercise 3. 
Then give the area. 


A 





6 


Using the Exercises 

Assign the exercises on page 91 as 
independent work. After children 
have worked on exercises 2, 3, and 
4, use them as a basis for a discus- 
sion of the area of a parallelogram. 
Help the children realize that they 
may think of cutting off a right tri- 
angle at one end of the parallelo- 
gram and then fitting this onto the 
other side. They actually do this 
in exercise 3. The point to empha- 
size here is that the segment along 
the cut is the height of the rectan- 
gle, or the height of the parallelo- 
gram, and either of the horizontal 
segments can be thought of as a 
base of the parallelogram. 











Using the Ideas 


4 metres 


ba | 


“hole” 
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Thus, the general formula for 
finding area, base times height, is 
applicable for a parallelogram as 
well as for a rectangle. 

Accept any good estimate for the 
area of the L-shaped region shown 
in the Think problem. For children 
who are interested, secure some 
precise measuring devices and have 
them find the areas as accurately as 
possible. 


Assignments (page 91) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


Mathematics 

A polygon is a closed geometric 
figure made up of line segments. 
Polygons may be either concave or 
convex. A segment joining two 
points of a convex polygon will 
have all its points on the polygon 
or in the interior of the polygon. 
Observe that this is not the case for 
concave polygons. 


Boren 


Concave polygons 


Wa 
Ne aN a 


Convex polygons 


Follow-up 

Encourage children to continue to 
use the geoboard to make various 
shapes, and to find the area of the 
shapes. 

It would also be instructive for 
children to find areas of various 
surfaces in the classroom. For ex- 
ample, one group of children might 
use an actual cardboard square- 
metre unit and measure the floor or 
a part of the floor. Another group 
of children might measure the length 
and width of this same region, and 
find the area arithmetically. Then 
they should compare the accuracy 
of the measurements and decide 
which method they prefer. 


Resources for Active Learning 

Applied Mathematics Cards, 
Group 2/16, Schofield and Sims. 
(Available from Mafex Associates, 
Willowdale) 

Math Activity Cards, D19, Mac- 
millan. 

Maths Mini-lab, Card 125, Selec- 
tive Educational Equipment. 
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PAGES 92-93 
Objective 

Given a triangle, the child will be 
able to find the area. 


Preparation 
Materials 
geoboard or dot paper (Duplicator 

Masters, page 64) 

To prepare for this lesson, review 
right triangle and the terms /egs and 
hypotenuse. You might do this by 
exhibiting a rectangle with one of 
the right triangles formed by the 
diagonal shaded in color. 


Investigation 

Once children construct one right 
triangle on a corner, they might 
easily change the shape simply by 
lengthening a leg of the triangle. 
Right angles in other positions on 
the board will yield other right 
angles, so at least 16 possible right 
triangles may be formed. If some 
children think they have found all 
the right triangles, suggest that 
they check to see if they have stud- 
ied all sizes of squares and rec- 
tangles that can be found on the 
geoboard. Below are some of the 
possible right-triangles. 


Rs J Siig aad BE 
iss PCIE ea PS 
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different shapes are 





92 





Investigating the Ideas 


Two right triangles of 


shown on the geoboard. 


How many right triangles of 
different sizes or shapes 
can you find on a geoboard ? 


2. Every right triangular region is one half 
of some rectangular or square region. 
a What is the area of the region ABCD ? |2 sq 
B The area of region ABC is what part 
of the area of the rectangular region? > A 
c What is the area of triangular region ABC ? © sq units 





®@ Can you find the area of any triangle? 







Show your 
triangles 
on dot paper. 






Discussing the Ideas 


1. Can you give the area of any of the triangular regions 
you found in the Investigation ? See Discussion. 


D 
| 
| 
| 
| 
units 


3. Give the area of each triangular region. Can you find 
a rule for finding the area of any zat triangle ? see piscaeees 


i0 Besiiesbite 0k 


See 
Investigation. 








Discussion 

The development of this lesson 
progresses from finding the area of 
a right triangle to finding the area 
of any triangle. It is important that 
children discover how to find the 
area of a right triangle before they 
proceed to page 93. 

In exercise 1, have children dis- 
cuss and demonstrate ways of find- 
ing the area of some of the right 
triangles they constructed in the 
investigation. 

Exercise 2 is important because 
it provides the key to finding area 
of right triangles. Each right tri- 
angle has an area that is one half 
the area of some rectangle. 


If children realize the rule for 
finding the area of a rectangle, they 
will be better prepared for exercise 
3. Thus, you might remind them 
that we can find the area of a rec- 
tangle by finding the product of 
the length of two adjacent sides. 
As you work through exercise 3, 
it would be helpful to have the 
children find the area of the rectan- 
gle as well as the area of the tri- 
angle related to it. This should help 
them realize that the area of a right 
triangle is one half its base times 
its height. 





The length of segment EF is sometimes 
called the base (b). 

The length indicated by the dotted 

line is called the height (h). 


These exercises will help you find the area of a triangular region 
when you know the base and the height from that base. 


1. 


Oo Tim 0 Haw > 


What is the area of the region shaded pink ? (2 

What is the area of the region shaded green ? 28 
What is the area of the two regions together ?4.0 
What Is the area of triangle ADC ?6 | 


What Is the area of triangle BDC ?\4 


What is the area of triangle ABC ?20 + 


The area of triangle ABC is what 3 
part of the entire shaded region ? 


. Find the area of each large triangular region. 




















Find the areas of the following triangular regions. 


Only the base and height are given. 
Apo 10° sp De18 
2Oh=4 36¢h=4 


CeDi=w2. Dabe— 24 


More practice. page A-6, Set 12 





Using the Exercises 
You might choose to use the top 
of page 93 as a basis for discussion, 
although many children would find 
the content in the text clear enough 
to study on their own. The main 
idea on this page is that each tn- 
angle shown may be thought of as 
two right triangles, whose areas 
they already know how to find. 
When the children have finished 
the exercises, emphasize the fact 
that, in exercise 1, AADC is half of 
the rectangle which is to the left 
of segment CD, and that the area of 
ACDB is half of the rectangle to 
the right of CD. The fact that each 
of these triangles is half of one of 


60h =10 452h = 36 840h = 35 


Using the Ideas 
G 


H F 
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E b= 48 


Se 








the two rectangles indicates that 
the whole AABC is half of the en- 
tire rectangle with base AB. Thus, 
for any triangle, area is equal to 
one half of its base times its height. 


Assignments (page 93) 
Minimum: 1, oral; 2A-D. 
Average: 1, oral; 2. Maximum: 1-3. 


Mathematics 

You will notice that on page 93 
base and height are defined as 
numbers. That is, the base is the 
length of a particular segment of 
the triangle, and the height is the 
length of a segment from one vertex 
perpendicular to the side opposite 
that vertex. Determining which 
side of a particular triangle to con- 
sider to be its base is purely an 
arbitrary matter. Once we select 
the base for a given area problem, 
however, we must use as the height 
the length of the perpendicular line 
segment to that base from the op- 
posite vertex. This should cause 
the children little trouble since all 
of the triangles given in this lesson 
are drawn in such a way that the 
base is the length of the horizontal 
side of the triangle and the height 
is a vertical length from the vertex 
at the top of the triangle. 


Follow-up 

Many children would find it helpful 
to draw various triangles on graph 
paper and construct the related 
rectangles. Then they may cut out 
the triangle and the remaining parts 
of the rectangles, and compare the 
areas by placing appropriate sec- 
tions over the triangle. For opti- 
mum benefit from this activity, 
suggest that the children also work 
out the area arithmetically. 


Resources for Active Learning 

Inquiry in Mathematics via the 
Geoboard, ‘‘Area of Triangles,” 
Geo-Cards 16-18, Walker. (Avail- 
able from Fitzhenry and White- 
side) 

Math Activity Cards, C26, Mac- 
millan. 

Maths Mini-lab, Card 126, Selec- 
tive Educational Equipment. 


Duplicator Masters, page 15 
Workbook, page 27 
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PAGES 94-95 
Objectives 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 


Materials 
protractors 

You might have the children be- 
gin immediately with the exercises, 
or you might review some topic 
with which they had particular dif- 
ficulty. You might also review one 
of the topics treated on page 95, 
such as reading large numbers. 


94 





1. Only one of the following could be 
true for this figure. Which one ? C 
a AB~AC 8 AC~BC c AB=BC 


2. Which one of the following could be true for this figure ?& 


2 
An foe oA Boe eS Cod lee es 3 


3. The four segments shown on the 
A 
N a 
B 


rays are congruent to each other. T 
Tell whether or not Z7MR is py 
R 


congruent to 7 ANB. ztTMmR=Zz ANB 





4. Use your centimetre ruler to find 
the perimeter of this triangle. \t cm 


ae 


5. Find the area of each region by using 


the unit indicated. 
aZ8 5q units 






B N 

15 squnits} » 
baa 

units 









6. a Use the unit shown on the protractor 
to find the measure of 7 DEF. 4 
sp Find the degree measure of 7 DEF. Go® 


7. How many lines of symmetry does each figure have ? 


E cE 
A3 B4 Cc | : 
94 











allow sufficient time for children’s 
questions. 


Discussion 

Review page 94 places some em- 
phasis on mastery of factual mater- 
ial. Certain terminology is expected 
in a few exercises, and concepts of 
area and degree measure must be 
clear in order for children to com- 
plete this page successfully. (Note 
that exercise 6B requires the use of 
a protractor.) 

Depending on the ability of the 
children and your method of teach- 
ing, you might use this page as a 
review and work through it with the 
children, or you might use it as an 
evaluation of the children’s grasp of 
these concepts. In either case, clar- 
ify concepts with a discussion and 











1. Find the sums. 
aA 4000 + 300 + 60 + 942369 
Bp 50000 + 8000 + 700+ 20+ 1 
58 72I 


ce 70000 + 3000 + 10 + 8 73018 
p 600 000 + 90000 + 4000694000 


2. Write each number as in the example. see Answers, TE. page 95. 


Example: 3254 = 3000 + 200 + 50+ 4 
a 4695 B 8329 c 17,264 


3. Give the sign < or > for each ily. 

a 4280 ill 4279 B 32496 il 32 500 

> < 
4. Solve the equations. 

A5x6=n30 £ 4x9=€C36"'1 
8+7=ris - 84+9=t17 
15-—-9=seo 613-—8=b65 
48=6=ag un9x8=mMr2 


oo 8 


5. Find the products. 
A 26 x 102¢0 c 60 x 40200 
B 49 x 1004900 p 30 x 200 
6000 


6. Find the quotients. 


a 240 = 640 ov 1800 ~ 3600 
B 320+—480 . 1800 ~ 300, 
c 240= 308 fF 1800 ~ 30c0 


7. Estimate the products. 
A 99 x 464¢00 c 48 x 522500 


B 19 x 31600 pb 199 x 31 
GO00O 


p 29 435 


5+9=di4 
»7x6=n42 vn 56+-7=t8 
Kk 32+8=64 o 35+5=r7 
tr 49—=7=s7 pep 8x8=Ffo4 


E 843 672 
c 416 837 ili 417 213 
< 


m5 x 8=a4o0 










9% 








Using the Exercises 

For page 95, have the children 
do the exercises and, when they 
have finished, allow time for dis- 
cussion and checking papers. 

The pattern for solving the Think 
problem should be easy for most of 
the class to see. Encourage the chil- 
dren to experiment with drawing 
models of groups of dots to work 
out the next five numbers, if they 
find it necessary. Some children 
may note that, since the number 
in the last row increases by one 
each time, they can find the new 
numbers by adding the next con- 
secutive integer. Most of the chil- 
dren in the class will benefit from 


a discussion of the different ap- 
proaches to a solution. 


Answers, exercise 2, page 95 
A 4695 = 4000 + 600 + 90 + 5 
B 8329 = 8000 + 300 + 20+ 9 
C 17.264 = 10 000 + 7000 + 200 
+ 60 + 4 
D 29 435 = 20.000 + 9000 + 400 
= SU} 
E 843.672 = 800 000 + 40.000 
+ 3000 + 600 + 70 + 2 


Follow-up 

Encourage children to expand the 
suggestion in the Think problem to 
other shapes. For example, they 
might try to find groups of dots 
which they can draw in the shape 
of squares. 


You might suggest that several 
groups of children each take a dif- 
ferent object in the classroom and 
study it in terms of as many con- 
cepts in this chapter as possible. 
To help them get started, present 
questions such as the following. 


1. Are there any angles in your ob- 
ject? What is the degree mea- 
sure of each angle? 

2. What shape is the top surface of 
your object? Can you find its 
area? What shape is one of the 
side surfaces of your object? 
Can you find its area? 

3. Are any two sides of your object 
parallel if you think of them as 
being in the same plane? 

4. Can you divide any of the sur- 
faces of your object into con- 
gruent shapes? 


Objects which have rectangular 
surfaces would be most applicable 
for this activity, for example, win- 
dows, tops of tables or desks, chalk- 
boards, doors, etc. 


Workbook, page 28 (Use with text 
page 94.) 
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CHAPTER 5 Estimation 


Pages 96-113 


General Objectives 


To develop skill in using multiples 
of 10 and 100 to estimate prod- 
ucts and quotients 

To develop skill in finding products 
that have factors which are mul- 
tiples of 10 and 100 

To develop skill in finding quotients 
when the divisor and the dividend 
are multiples of 10 

To provide a variety of experiences 
in estimation 


The beginning pages of this chapter 
provide general experiences in es- 
timation, involving all operations 
and the idea of “‘rounding” num- 
bers in order to make good esti- 
mates. Work with the number line 
is provided to help the children 
visualize the idea of “rounding” 
numbers for estimation. 

Following this, children develop 
guidelines for finding products of 
multiples of 10 and 100. The in- 
verse relation of multiplication and 
division is the foundation for the 
study of quotients involving mul- 
tiples of 10 and 100. 

Next, children are given a variety 
of opportunities to practice esti- 
mating skills in operations and to 
try estimation projects. These later 
pages of estimation, such as the les- 
son titled “Estimation for Fun,” 
are designed to stimulate the chil- 
dren’s interest and enjoyment. 


Mathematics 


Estimation is seldom thought of as 
a topic that lies entirely within the 
realm of pure mathematics. How- 
ever, nearly everyone would agree 
that estimation plays a vital role in 
practical applications of mathemat- 
ics. Estimation is a valuable tool, 
for example, when the mathemati- 
cian uses 1.414 as an approxima- 
tion of the square root of 2, or 
3.14159 as an approximation of 
a. These numbers are, of course, 


T9S5SA 


merely rational estimations for the 
irrational numbers V2 and 7. 

Because a precise definition of 
estimation would not be practical, 
we prefer to define it loosely and 
in terms readily comprehended by 
the children. Estimation is explain- 
ed by giving several statements that 
the children themselves might use 
if asked to tell what they think esti- 
mation means. The main objective 
is to instill the children with some 
feeling for the general ideas in- 
volved in finding reasonably close 
approximations. 

Since much of the skill in esti- 
mating numerical situations in- 
volves the use of multiples of 10, 
100, and 1000, it is helpful for chil- 
dren to develop skills with these 
numbers. 

The following example illustrates 
how, by using the basic principles, 
a product such as 60 X 80 can be 
reduced to multiplications which 
employ nothing more than basic 
multiplication facts and products 
involving a factor of 10 or of 100. 


‘60 X 80 = (6 X 10) X (8 X 10) 
= (6 X 8) X (10 X 10) 
= 48 x 100 
= 4800 


The commutative and associative 
principles allow. us to rearrange 
factors in the convenient manner 
shown. Certainly, several steps 
would be involved if we were to 
show all the regrouping and reor- 
dering of the factors that is actually 
involved in going from step 2 to 
step 3. Although children are asked 
to find a rule for multiplying such 
products, they, of course, are not 
expected to relate their steps 
directly to the appropriate basic 
principles. 


Teaching the Chapter 


Materials 


Containers of various sizes (mix- 


ing bowl, 2-litre jar, litre jar, cof- 
fee cup) 

Marbles 

Peas or beans 

Ruler 

Stopwatch 


Vocabulary 
estimate 
factor 

flow chart 
multiple 

The materials mentioned above 
are most appropriate for use with 
the word-problem lessons at the 
end of the chapter, but you may 
find it quite stimulating for the chil- 
dren to use these materials during 
the preparation and study of each 
lesson. For example, when first 
explaining estimation to the chil- 
dren, you can have them guess how 
many marbles are in the jar. You 
might hold a contest, giving the chil- 
dren a chance, over a period of two 
or three days, to make a “‘guessti- 
mate” of the number of marbles in 
the jar. You can also use some large 
and small containers to give the 
children an opportunity to guess, or 
estimate, how many times the con- 
tents of a small container must be 
put in a large container to fill it. Of 
course, you should determine the 
best estimate by having children 
actually count the items. Although 
these ‘“‘guessing activities” are not 
at the heart of the topics taught in 
this chapter, they do involve esti- 
mation and serve to stimulate chil- 
dren’s interest. The children will 
often guess in numbers that are 
multiples of 10 or 100, and this is 
one of the principal goals of the 
chapter: to accustom the children 
to “rounding” to multiples of 10, 
100, or 1000. 

Most of the vocabulary terms 
will not be new to the children. But, 
when they are introduced in this 
text, use them carefully, making 
sure children understand them. 


nearest multiple 
products 
quotients 





Lesson Schedule 


Plan to spend about a week and a 
half or two weeks on this chapter. 
Some of the estimation activities 
are not absolutely essential to chil- 
dren’s work in the text, but you 
may discover that it enhances their 
interest in the study of arithmetic, 
and you may want to spend extra 
time on the chapter for this pur- 
pose. However, skill in finding 
products such as 60 X 30 or 60 x 300 
is vital to the children’s experiences 
for subsequent work. Therefore, 
you should give the children extra 
time, if needed, for this type of 
exercise. 


Evaluation of Progress 


Since one important objective of 
this chapter is to help children be- 
come skillful at finding special prod- 
ucts and quotients, be sure to in- 


clude a large portion of work on 
special products involving multi- 
ples of 10 and 100. 

Evaluation is not a crucial part 
of the treatment of estimation, and 
you should not place a great pre- 
mium on achievement of these 
skills. We do not expect the chil- 
dren to memorize rules or gain 
great skill at estimation. We do, 
however, expect them to develop 
an intuitive feeling for the ideas of 
estimation—to attain some skill in 
substituting multiples of 10, 100, 
and 1000 for other numbers and 
then arrive at ‘“‘common-sense”’ 
answers. We realize that evaluat- 
ing whether or not children are able 
to do this is difficult. It is not easy 
to tell from a child’s written work 
whether he has actually computed 
the answer or whether he has esti- 
mated it. We therefore recommend 
that you employ a light touch in 


teaching these lessons, attempting 
as much as possible to see that the 
children enjoy the chapter, and en- 
couraging participation in the activ- 
ities suggested for the chapter. 


Resources for Active Learning 
GENERAL ACTIVITIES 


A Cloudburst, Vol. 2, Nos. 8313- 
8393, Midwest Publications 

Elementary Science Study: Peas 
and Particles, McGraw-Hill Ryer- 
son 

Franklin Series: Making and Using 
Graphs and Nomographs, pp. 71- 
86, Lyons and Carnahan (Avail- 
able from McGraw-Hill Ryerson) 

Modern Math Games . . ., pp. 47- 
48, Fearon (Place-value puzzles 
and games) (Available from 
Clarke, Irwin) 

Nuffield Project: Computation and 
Structure 4, “Large Numbers 
and Indices,” pp. 50-63, Wiley 
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PAGES 96-97 
Objective 

Given a2- or 3-digit numeral, the 
child will be able to name the near- 
est multiple of 10 or 100. 


5 Estimation 


® What is the nearest multiple of 10 or 100? 





Preparation Investigating the Ideas 


To provide motivation for this chap- 
ter, you might hold up a jar filled 
with marbles, peas, paper clips, or 
other small objects and ask the chil- 
dren to guess how many are in it. 
You might keep the jar on display 
and encourage children to write 
down a guess each day for a week. 
Activities of this type will do much 
to motivate the children to study 
the material in this chapter. 


What are the last four numbers in each function table ? 


) 


output |700|700}700|700]800}800|1200| | i | | | 


1300 1300 3300 4500 


(ia ges 5 1 ei Si at deal 


40] 40] 40} 40] 40] 40] ao} il ml] | 


80 90130280 
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Investigation 

This investigation may be worked 
on independently by the children, 
but it is also appropriate for small- 
group work. Children should ben- 
efit from trying to explain to each 
other the rule which they think ap- 
plies for each table. Notice that 
the ordinary standards of rounding 
numbers are applied here: When 
the digit 1, 2, 3, or 4 is in the key 
place, we round down to the near- 
est multiple, and with the digits 5, 
6, 7, 8, or 9, we round up to the 
nearest multiple. However, it is 
not essential that children verbal- 
ize this rule on their own; it is more 
important that they be able to iden- 
tify the nearer multiple of 10 or 100 
through their understanding of the 
order and value of numbers. 


Can you write or explain a function rule for each table ? 
See Investigation and Discussion exercise 3 below. 








Discussing the Ideas 


1. Use the function rule for Function Machine a to give 
the output for each of these inputs. 
a 52 50 Cc 84 8O E 64 60 G&G 138 \420 I 654 c5O K 1273)\270 
B 5/60 D0 /6—80 F 6570 HW 132\35 3 655¢¢0 & 1276:9¢60 


2. Use the function rule for Function Machine s to give 
the output for each of these inputs. 


A 278300 c 31 6300 E 650700 « 651700 | 23465 300K 72397200 
B 244500 D 3614200 F 649600 H 987000 J 23565400 Lb 72937300 


3. State each rule in your own words.sannpie answers: A: If ones' digit is 
less than 5, round downto nearest multiple of |0; \f 5 or greater, round 
96 UPp.S:if tens' digit is less than 5 round down to nearest multiple of 100; 
\f 5 or greater, round up. 





Discussion 

Children must understand the 
rounding process to give the out- 
puts in discussion exercises 1 and 
2. However, as mentioned above, 
they need not verbalize it. You 
might point out to them that a num- 
ber which has S in the key position 
is rounded up to the nearest multi- 
ple of 10 or 100 that is greater than 
the number given. For example, 
654 (exercise 11) would be rounded 
down to 650 when rule A is applied, 
that is, when it is rounded to the 
nearest multiple of 10. But in exer- 
cise 2G, when 651 is rounded to 
the nearest multiple of 100, 651 
should be rounded up to 700. 


96 





Using the Ideas 


The number-line pictures and exercises will help you choose 
multiples of 10 and 100 that you will use in estimation. 


1. Give the numbers (a through y) that go with the points 
on the number line. 


7i iweuemeroo 93 97 104 107 —s I3- Ne 
A B Cc D E F GH IJ 
\ oS ‘y 44 
70 80 90 100 110 120 


2. Give the multiples of 10 that are closest to the numbers for 
a through gv. If the number is halfway between, give 
the larger multiple of 10. 
A 70; B 80; C 80; D 90; E 90; F 100; G 100; H Ilo; I lo; J 120 





3. Give the multiple of 10 that is closest to each number. 
A 2730 c 4550 € 8990 ea 127130 1 136 \40 k 298300 


B 4440 vb 99100 F 3640 uv 133\30 yv 289 2900 ct 1256 
(260 








4. Give the numbers (x through u) that go with the points 
on the number line. 
6lo 690 730 780 840 880 940970 1020 \060 \I2ZO0 
K L M N ce) P Q R Ss T U 
Y a Wie Uhata Thad ose toyed 


600 700 800 900 1000 1100 


5. Give the multiples of 100 that are closest to the numbers 
for x through u. If a number is halfway between, 
give the larger multiple of 100. 
K 600;L 700; M 700; N 800; O 800; P 900; Q 900; R1000; 
51000; T lOO; U Il0O 
6. Give the multiple of 100 that is closest to each number. 
a 207200c 84\00 £ 5/36006 649600 1 26512700K 40594100 


B 489500p 326300F 456500H 1286 s 343834001 370 
1300 
OF 











Using the Exercises 

The number line used in the exer- 

cises on page 97, is very useful for 

helping children understand the 

rounding process. Suggest that chil- 

dren list the answers to exercises | 

and 4 vertically so that they may 

write the answers to exercises 2 

and 5 next to them, respectively. 

When children have finished the 

exercises, allow ample time for dis- 

cussion. Continue to stress basic 

understanding of order of numbers, 

but also be sure children develop 

the skill of rounding downfornum- Assignments (page 97) 
bers ending in 1, 2, 3, or 4 and) Minimum: 1-5, oral. 
rounding up for numbers ending in Average: 1-3, oral; 3-5. 
5,6, 7, 8, or 9. Maximum: 1-6. Workbook, page 29 








PAGES 98-99 
Objective 

The child will be able to round 
numbers in a given problem to the 
nearest multiple of 10 or 100 and 
then estimate the answer to the 
problem. 


® How are multiples of 
70 and 100 used in estimation? 





Investigating the Ideas 


Preparation 

To prepare for this lesson, briefly 
discuss the terms about, approxi- 
mation, guessing, and estimating. 
Relate these words to examples 
from the previous lesson and to the 
“‘suesstimating” problem you used 
to introduce that lesson. Stress that, 
in exercises of this kind, the princi- 
pal concern is not to arrive at exact 
answers but to make estimates 
which are near to the correct an- 
swer, based on correct estimating 
procedures. 


Can you copy and complete the page of “substitute” 
problems ? Use multiples of 10 and 100 so that the 
answers to the two sets will be “very close’ to each other. 








Investigation 

In this investigation, children are 
to replace each of the “computing 
exercises’ with a related exercise 
involving multiples of 10 or 100. 
Allow children to work with aclass- 
mate if their skills in performing 
basic operations are weak. Others 
may benefit from small-group dis- 
cussion of how to round the num- 
bers for the substitute exercises. 
Encourage free sharing of ideas in 
investigations of this type. 


Discussing the Ideas 


1. Your substitute problems will help you find estimates— 
often without pencil and paper. How many of your substitute 
problems above can you solve without pencil and paper ? 
1. 110; 2, 1600; 3.1000; 4..2400; 5.100; 6.2100, 7.22800; 8.13900 
2. The closer you can get to the correct answer, the better 
your estimate is. Which problem—1, 2, or 3—will give 
the best estimate for the one in red ? 


a 38 [4] 40 [2] 40 [3] 30 
2ise +90 +80 +80 


s 79 [4]70 [2]80 [a] 80 
2x8 x8 xB x10 





c 604[1] 600[2] 700[3] 600 pv 68[4] 60f2] 60s] 70 
| 289 -300 -300 -200 3x71 x70 x60 x70 
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Discussion 

One of the main purposes of this 
lesson is to provide motivation for 
working with the special products 
and quotients that will be studied 


plain that to arrive at this estimate 
he subtracted 40 from 50. Some 
children may be sufficiently skilled 
in mental computation to arrive at 
the exact answer, 15. However, 
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subsequently. Use discussion exer- 
cise | as a basis for working through 
each exercise to see how the “‘com- 
puting exercises’? may best be re- 
placed by rounded numbers. 

As you go on to exercise 2, 
Stress that a better estimate will 
be achieved if numbers are round- 
ed carefully. Encourage children 
to discuss these examples and the 
reasoning underlying their various 
estimates. For example a child who 
is estimating 53—38 might well ex- 


you should point out that for such 
an exercise they need only think of 
an estimate that is a multiple of 10, 
and that in this case you are not 
interested in the exact answer. 


Using the Ideas 


1. Give the multiple of 10 that you think should go in each |i. 

To estimate 42 + 59, we can find the sum 40 + |ill. co 

To estimate 25 + 72, we can find the sum || + 70. 30 

To estimate 81 — 48, we can find the difference 80 — jl. so 
To estimate 148 — 29, we can find the difference 150 — |jll.30 
To estimate 173 — 36, we can find the difference ||| — 40. 170 
To estimate 245 + 328, we can find the sum ||| + 330, 250 
To estimate 29 x 82, we can find the product ||| x 80.30 

To estimate 54 x 26, we can find the product ||| x 30. 5° 

To estimate 323 + 83, we can find the quotient ||| = 80. 32° 
J To estimate 207 + 65, we can find the quotient 210 = lll. 70 


zo 7m 95900 BB > 


2. Give the multiple of 100 that you think should go in each |||. 

To estimate 213 + 487, we can find the sum || + 500. 200 

To estimate 528 + 1176, we can find the sum 500 + [l. izoo 

To estimate 969 + 850, we can find the sum 1000 + lll. 900 

To estimate 806 — 479, we can find the difference 800 — |ll.soo 

To estimate 1146 — 357, we can find the difference ||| — 400.100 

To estimate 950 — 373, we can ilpeh ie nes (|. — - 400. 1000 

To estimate 93 x 123, 

we can find the product 

100 x< lll. 10° 

H TO estimate 549 x 451, 
we can find the product 
ill x 500.500 i 

1 To estimate 3214 = 789,| 
we can find the quotient | 
lilll - 800. 3200 ; 

5 To estimate 4461 =~ 850, | 
we can find the quotient | 
iil + 900. 4500 


oa 7 moo DB PF 





More practice, page A-7, Set 13 99 











Using the Exercises 

If necessary, work through a few 
parts of each exercise on page 99 
before assigning them as indepen- 
dent work. Continue to ask chil- 
dren for their reasons for choos- 
ing a particular estimate. Allow 
ample time for discussion when 
they finish. 

Encourage those who try the 
Think problem to explain their 
solution to the class. Some children 
may need a chart similar to the one 
at the right to understand it. 


4 Years Later 
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Assignments (page 99) 
Minimum: 1. Average: 1-2. 
Maximum: 1-2. 


Duplicator Masters, page 16 
Workbook, page 30 
Skill Masters, page 16 
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PAGES 100-101 
Objective 

Given multiplication problems 
with factors which are multiples of 
10 and 100, the child will be able 
to find the products by applying a 
simple rule. 


® Let’s explore some special products. 





Investigating the Ideas 


Study the flow chart to help you review 
finding products like 4 x 60. 


Input box Instruction boxes Output box 


Preparation 

Since this lesson depends on the 
children’s knowledge of basic facts, 
you might find it helpful to use a 
game as a review. For example, 
use the ““What’s My Rule” game 
described on page 46. However, 
depending on your class organiza- 
tion, you might choose to begin 
immediately with the investigation. 





Can you make your own flow chart 


for one of these products ? See \nvestigation. 
Ti5 x BO 21d D000. nd. O0 < DOE oi ee ee 
150 1500 1500 \5 000 





Investigation 

For this investigation, encourage 
the children to study the flow chart 
independently and then try to make 
one for each of the given exercises 
as directed. The chart should sim- 
ply be drawn on paper, as illus- 
trated in the text. Note that for the 
examples given, children should 
first find 5 x 3 (or 3 X 5) and then 
multiply by the appropriate power 
of 10. You might give the children 
other examples to work, such as, 





Discussing the Ideas 


1. Find these products. 
a 7x1070 wb 46 x 10460 «6 37 x 10031005 32 x 100032000 
B 10 x 35350 —€ 8 x 100800 nu 48 x 1004800k 1000 x 1414000 
c 276 x 1027%60F 100 x 2424001 7 x 100070004 87 x 100087000 


2. Give a simple rule for multiplying by 10. By 100. By 1000. 
See Discussion. 

3. Finding the product for a will help you understand 
a simple rule for finding b. 


2x40, 20x 400; 3x60, 30x60; a 3 x 8 x 100 = a2400 c 3 x 10 x 6 x 100 = a\|g000 
and so on. 3 x 800 = b 2400 30 x 600 = big 000 
Bb 4x10x7x10=a2800 vb 4x 100 x 7 x 10 = 2228000 
40 x 70 = b2g800 400 x 70 = b28000 


4. Give a rule for finding each type of product in exercise 3. 


See Discussion. 
100 





Discussion to explain how they found the num- 
Notice that what the children stud- bers a and b, so that they can ver- 
ied in the investigation is studiedin _ balize their rule. 

two different steps in the discus- 

sion exercises. In exercises 1 and 

2, children multiply by 10, 100, and 

1000, and will probably respond 

by explaining the shortcut of count- 

ing zeros or thinking of 48 x 100 as 

48 hundreds, and of 1000 x 14 as 

14 thousands. In exercises 3 and 

4, they use multiples of 10, 100, 

and 1000. Their rule will probably 

relate to the example in the inves- 

tigation in which the factor that is 

a multiple of 10, 100, or 1000 is 

broken apart so that basic facts 

can be used. Encourage children 
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Mathematics 

Finding products such as 70 X 80 
and 40 x 300 involves repeated use 
of the commutative and associa- 
tive principles for multiplication. 
The shortcuts children discover for 
finding such products can be easily 
justified by using the basic princi- 
ples. Thus, 

40 x 300 = (4 x 10) X (3 X 100) 
= (4% 3) % (10 LOU) 
=n ae SN, 
= 12 000 


Using the Ideas 


1. Find the products. 
42 000 
A 32 x 10320c 42 x 1004200— 1000 x 42 e 342 x 100— 
B 63 x 10630p 30 x 1003000 20 x 1002000 10 x 6756750 


2. Give the number for a. Then give the number for b. 
a 4x2x10=a-> 4x 20=b 80 v 8x6x100a> 8x 600=b4s00 
8 9x7x10=3-> 9x 70=b630 £ 6x 9x 100=4 > 6 x 900=bs400 
© 7x6x10=a > 7x60=6420 F 8x5x100=1$ 2 8x 500 =bao00 


3. Give the number for a. Then give the number for b. 
A 3 x 10 x 2 x 10 = a—> 30 x 20 = b G00 
B 4x10 x3 x 10 =a > 40 x 30 = b 1200 
e 55010 x.7-x 10 =a—50 x 70 = b 3500 
D 6x 10x 2x 10=a—->60 x 20 = b 1200 
2 4x 10 x 9 x 10 ==> 40 x 90 = b 3600 
F 


5x 10x 5x 10 =4~>50 x 50 = b 2600 


Follow-up 

Practagons may provide children 
with another way to review multi- 
plication using multiples of 10, 100, 
or 1000. Be sure to leave some of 
the practagons blank and ask the 
children to make some practice 


4. Find the products. 
practagons for themselves. 


aA 20 x 30600 e£ 70 x 201400 1 70 x 604200 m 30 x 902100 
B 50 x 30!500 -¢ 60 x 603600 y 70 x 704900 n 80 x 907200 
c 40 x 502000 « 80 x 403200 k 70 x 805600 0 90 x 90 sI00 
p 60 x 503000 y 40 x 702800 t 80 x 806400 p 70 x QQe200 


a Ol EE 
Find the products. Find the miss- 
ing factors. 


5. Find the products. 

1200a 40 x 30 ys 20 x 600 
12000 B 40 x 300 x 60 x 200 

Ig00c 30 x 60 Lt 70 x 300 
i8000 p 30 x 600 m 700 x 30 
N 
Oo 





ig0000e 300 x 600 n 3 x 7000 
3500F 50 x 70 ~ 300 x 700 

350006 50 x 700 p 60 x 800 

350000H 500 x 700 a 600 x 800 


3500001 50 x 7000 r 60 x 8000 
J 12000; K \2 000; L 21 000; M 21 000 N 21 000; 


More practice, page A-7, Set 14. O 21IO 000; P 48000;Q 480000; 4101 
R 480 000 








Using the Exercises Now make some of your own. 

Have the children do the exercises 

on page 101 and again give them an 

opportunity to explain how they 

found their answers. Following this 

discussion, you might give the chil- 

dren other practice problems sim- 

ilar to exercises 4 and 5. 

The more able children will be 

stimulated by the Think problem, 

and, certainly, nearly all the chil- 

dren will be able to understand 

the correct answer once it is given. 

The children will easily see that 

40 x 60= 2400 and that 40+ 60= 

100. Assignments (page 101) 
Minimum: 1-3. Average: 1-SI. 
Maximum: 1-5. 








Duplicator Masters, page 17 
Skill Masters, page 17 


PAGES 102-103 
Objective 

Given a division problem, the 
child will be able to find its quo- 
tient by finding a missing factor of 
the related multiplication problem. 


® How are special products and quotients related? 


Discussing the Ideas 


1. The two function machines help you see how special quotients 
are related to special products. What is the output number 
for the second machine ? 60 


Preparation 

Depending on the needs of the chil- 
dren and the organization of your 
class, spend a few minutes orally 
reviewing basic multiplication and 
division facts. You might use a 
variation of the ““What’s My Rule” 
game (page 46), or expressions such 
as: “I’m thinking of the product 
70 X20 (or 24x 10, etc.). What’s 
my number?” 





2. You can find special quotients by thinking of missing factors. 
Solve the two equations. 





To find 630 ~ 10, think 
“What number times 10 gives 630 ?” 


3. Solve the equations. 


0 =-340=10=b34 | gn 620 -630+90=b7 
—.340+34=clio °” ~#—~_630+7=690 
0 +6900=69=bi0o 5. a 480 > 480+ 80=be 
~.6900+100=ec9* ao ABO) 2 fee ee 
5870 320° +3200+40=680° 


3870 +5870~587= bio #2 
© 10*987=4< 5800+ 10=ese7 © 89% 40-8 .3900--80=¢40 


a 34x10=a 


By aeOK Coca 
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Discussion 

The main point in this lesson is to 
help children use the inverse rela- 
tion of multiplication and division 
in order to solve division equations 
by thinking of missing factors. As 
you work through discussion exer- 
cise 1, study the two function ma- 
chines with the children. Notice 
with them that’ we start with 60, 
multiply by 4, then feed this prod- 
uct into the second function ma- 
chine, and divide by 4. This gives 
us the number with which we start- 
ed. After you discuss exercise 2, 
give the children other examples, 
showing the two related division 
equations for each multiplication 


equation you discuss, as in exer- 
cise 3. After working through exer- 
cise 3, you might exhibit a division 
equation such as 350 + 70 = n and 
ask children to give a related mul- 
tiplication equation and explain 
how finding a missing factor will 
help them solve the division equa- 
tion. 





Using the Ideas 


1. Solve the equations. 

56a ax 10=560 — 560—10=b sa 
ioB ax 48=480 — 480—48=b 10 
qe ax10=720 — 720~+10=b 72 
sep ax 100=5600 — 5600—100= 56 


2. Give the number for a. 
Then give the number for b. 

6a ax 40=240 — 240=—40=be 
40B ax9=360 —360-9=b 40 

7c ax 70=490 — 490~+70=b7 

9p ax 300=2700 — 2700~300=b92 
soce ax 6=4800 —> 4800—6=5 800 
800F ax 7=5600 — 5600—7=b 800 





3. Give the quotients. 
a 28+74 & 280+470 14 5400 ~ 9006m 42000 ~ 70006 
Bp 280+ 740Fr 560+708 y» 36000~ 6°" 4800 ~ 6 800 
c 2800 + 7*@ 3600 = 4009x 1000 = 10i000 400~ 850 | 
p 280 + 704n 6300 = 79901 810+ 909 p 5600 ~ 8007 


4. Solve the equations. 5. Give the quotients. 

50a ax 30=1500—>1500+30=650 a 2400+6040n 4800~60 80 
Jos ax 50=3500— 3500=50=h70 8B 1600=4040 3600—9040 
qoc ax 60=4200> 4200—60=b70 c 2700+30% 1800~—2090 
yop ax 40=2800 > 2800=40=bh70 pv 1400+70%K 6300=+70 9° 
30e ax 70=2100 ~ 2100+70=630 e& 1000+502% 7200+8020 
cor ax90=5400 — 5400=90=beo F 2400=8030m 8100=90 90 
406 ax 80=3200 — 3200—80=640 « 1200~+304n 3200~40 80 


More practice, page A-8, Set 15 103 





Using the Exercises 

Have the children do the exercises 
on page 103 independently. When 
they finish and the papers have 
been checked, discuss any points 
which gave the children difficulty. 
If time permits, you might provide 
the children with oral practice in 
finding some of the special pro- 
ducts and quotients of this lesson. 


Resources for Active Learning 
Mathematics in Modules, SS, 
Addison-Wesley. 


Assignments (page 103) ——————_ Duplicator Masters, page 18 
Minimum: |, oral; 2-3. Workbook, page 31 
Average: 1-4. Maximum: I-S. Skill Masters, page 18 
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PAGES 104-105 
Objective 

The child will be able to use 
multiples of 10 or 100 to estimate 
the answers for given problems and 
equations. 


Preparation 

You might refer to the marbles or 
peas in the jar suggested in the first 
lesson of this chapter and ask chil- 
dren to use multiples of ten to tell 
how many objects the jar contains. 
Some of them might simply round 
the previous guesses they made. 
Others might build an estimate by 
counting areas in groups of tens or 
hundreds. During this preparation, 
use words such as about, estimate, 
and exact, when appropriate. 
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® Let’s exp/ore estimation. 


Discussing the Ideas 


Each problem below requires an estimate. In order to estimate 
the answers to problems such as these, it is helpful to add, 
subtract, multiply, or divide, using multiples of 10 or 100 

that are ‘‘close” to the numbers in the problems. 


1. 


Suppose you purchase items costing 
the amounts shown. Without finding 
the exact total amount, how would 
you decide quickly whether or not 


you could pay the bill with $20 ? 
See Discussion. 


Suppose you were going to plant 
clover on a plot of ground that is 98 








See Discussion. 
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Discussion 

Encourage all the children to par- 
ticipate in arriving at the solutions 
to the discussion exercises. You 
might point out to the children 
that one of the easiest ways to 
make estimates is to think about 
numbers that are multiples of 10 
or 100 that are closest to the 
actual numbers and to do the 
computing with these estimates. 
Expect them to use this kind of 
thinking in answering exercise |: 
“The first amount is about $2; the 
next two amounts total about $10; 
and these add up to $12. The next 
amount is about $5, which gives us 
$17; and the last amount is about 


metres long and 56 metres wide. 

To decide how much grass seed 

to buy, you must find the area metres 
of the plot of ground. How could 
you quickly find about how many 


square metres of ground you have 
See Discussion. 


3. Suppose that there are 9026 people in a city and that 2987 of 
them are men. How could you quickly find, without finding the 
exact difference, about how many women and children live 
in this city ? See Discussion. 





4. Suppose you are driving 327 kilometres. If you travel 81 
kilometres each hour, how could you tell, without finding the 
exact quotient, about how many hours you will be on the road ? 


) 


$1, or about $18. Therefore, we 
spent less than $20, and we could 
pay the bill with $20.” 

For exercise 2, you should draw 
from the children the fact that they 
can estimate this area by multiply- 
ing 100 x 56. Hence, a good esti- 
mate would be 5600 square metres. 

The children should see that they 
can give a quick estimate for exer- 
cise 3 by subtracting 3000 from 
9000, which would mean that there 
are approximately 6000 women 
and children in the city. For exer- 
cise 4, the children should estimate 
the number of hours by dividing 
80 into 320 to get an answer of 
about four hours. 








Using the Ideas 


Write an equation that shows how you estimate the answer 
for each exercise. Use multiples of 10 for exercise 1 and 


multiples of 100 for exercise 2. 


1. a 19+ 18 + 42 p 29+ 68+ 97 
Answer: —E 323 + 639 
20 + 20 + 40 = 80 F 163 — 88 
B 45 x 79 « 361 = 39 
Answer: H 19 x 48 
50 x 80 = 4000 bestoex, OF 
ec 48+ 51+ 47 s 265 ~ 91 
See Answers, T.E.page\O5. 
2. a 387 + 416 + 721 1 1607 — 569 
Answer: Jy 2050 = 271 
400 + 400 + 700 = 1500 x 97 x 683 
B 5617 ~ 811 667-123 
Answer: m 2348 + 653 
5600 = 800 = 7 n 543 + 553 
c 519 + 787 
p 706 — 289 
eE 95 x 116 
F 2431 = 590 
« 5489 — 2496 


n 409 + 688 + 716 
See Answers, TE. page 105. 
3. Estimate the missing factor. 
Then estimate the quotient. 
a nx 28 = 308 10 
308 + 28 = n\0 
B nx 31 = 1519 50 
1519 = 31 =n 50 
c n x 97 = 5917 GO 
5917 + 97 =n6éEo 


Using the Exercises 


45 x 65 
36 x 34 
548 + 9 


9S x51 


PS Ve On 252 ex 


104 — 48 


403 x 69 


526 — 109 


4029 ~ 817 
5359 + 94 
350)x<733 
5327: — 1965 
3276 + 3341 
651 x 749 





The exercises on page 105 give the 
children further practice in using 
multiples of 10 and 100 to esti- 
mate answers for equations which 
employ the basic operations. Have 
the children work them indepen- 
dently using the sample solutions 
as guidelines, if necessary. 

The Think problem should chal- 
lenge your most able children. You 
may need to provide hints by tell- 
ing the children that they should try 
multiplying two numbers, one of 
which is a little more than 90 and 
the other a little less than 90. They 
should discover soon that 88 x 92 
is a number that is 4 less than 8100. 
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Assignments (page 105) 
Minimum: 1A-J, 2A-L. 
Average: 1-2. Maximum: 1I-3. 





Answers, exercises 1 and 2, page 105 
1.C 50+ 50+ 50 = 150 

D 30+ 70+ 100 = 200 

E 320+ 640 = 960 

F 160 —90=70 

G 360 +40=9 

H 20 x 50 = 1000 

I 80 x 60 = 4800 

J 270+90=3 

K 100 — 50 = 50 

L 50 x 70 = 3500 

M 40 x 30 = 1200 

N 550 + 10= 55 

O 400 x 70 = 28 000 

P 100 x 10= 1000 

Q 530 — 110 = 420 
2.C 500 + 800 = 1300 

D 700 — 300 = 400 

E 100 x 100 = 10.000 

F 2400 + 600 = 4 

G 5500 — 2500 = 3000 

H 400 + 700 + 700 = 1800 

I 1600 — 600 = 1000 

J 2100 ~ 300 =7 

K 100 x 700 = 70 000 

L 700 x 100 = 70 000 

M 2300 + 700 = 3000 

N 500 + 600 = 1100 

O 4000 ~ 800 = 5 

P 5400 ~ 90 = 60 

Q 400 x 700 = 280 000 

R 5300 — 2000 = 3300 

S 3300 + 3300 = 6600 

T 700 x 700 = 490 000 
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PAGES 106-107 
Objective 

Given a variety of estimation 
projects, the child will demonstrate 
his ability and understanding of 
estimation by completing these 
projects or problems. 


Preparation 

To prepare for this lesson, you 
might simply review the main 
points treated so far in this chap- 
ter. Point out the meaning and 
usefulness of making estimates. 
Review the skill of rounding num- 
bers to the nearest multiples of 10 
or 100 and the convenience of us- 
ing these multiples in figuring out 
problems and equations. Explain 
to the children that in this inves- 
tigation they will have a chance 
to use their understanding and 
skills by working on an estimation 
project. 


Investigation 

For this investigation, it would be 
best for children to work in small 
groups. You might choose to give 
each group a project, so that all 
projects will receive some treat- 
ment and results may be shared 
later. However, each group that 
works on a project may have differ- 
ent ways of making the estimates, 
sO you may want the children to 
choose any project of their liking. 
Remind the children to apply their 
estimating skills wherever possible. 
For example, in exercise 1, they 
might first estimate the number 
of problems on a page and then 
the number of pages in the book. 
Throughout each step, multiples of 
10 and 100 would be applicable. 
For exercise 2, children may need 
a scale, and for exercise 3, they 
may need a clock or watch. 

Let children use their own inge- 
nuity in figuring out where to find 
the information for these investi- 
gations, but have it available for 
them when they need it. 
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@ Let’s use our estimating skills. 


Investigating the Ideas 


Choose one of these estimation projects. 








2. What is the total 
weight of all the 
children in your 
classroom ? 





How many problems 
are in your 
mathematics book ? 








3. How many times 
does your heart 
beat in a year ? 


Can you give an estimate and write an 


‘ : re 
explanation of how you made your estimate ? Fnvestigatio | 





Discussing the Ideas 


Ur 


a 2. In Della’ a's SC ool t ere are 


a Estimate the number of children in your school. iii Waeg o> 


Bs Explain how you made your estimate. Sample answer: 


Reure the Yair sega =f enarene in one uclass to the nearest multiple 
OFf 10, cand a ey So t number by th 
s an the school. 20% 





There are about 
30 children in 











4x30=120 


a 5000 bricks 
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4 fifth-grade classes. 
What should be Della’s 
estimate for the number of 
children in the fifth grade ? 





3. If there are 1760 bricks in 1 pile, which is the best 
estimate of the number of bricks in 5 similar piles ? B 
¢ 12 000 bricks 


B 9000 bricks 





Discussion 

In the discussion section, it is in- 

tended that children share their 

ideas of ways of estimating the an- 
swers. If you wish, you may simply 
use the discussion exercises as fur- 
ther investigations for the children. 

Throughout the discussion, con- 

tinue to stress the use of multiples 

of 10 or 100. 

For those who finish a project 
early or for more variety, you might 
have children try other projects 
similar to the following. 

1. How many pieces of tablet or 
binder paper would be needed to 
reach a stacked height of 1 metre? 
10 metres? 100 metres? 


2. How many jars like the one ex- 
hibited in the classroom would 
be needed to hold 10000 mar- 
bles (or peas)? 1 000 000 mar- 
bles (or peas)? 


each class. 








Follow-up 

Gather together children who still 
need help in rounding to the near- 
est multiple of 10 or 100. Furnish 
them with a demonstration number 
line showing points for tens, but 
labels for fifties and hundreds only. 
Give each child a worksheet of 
problems similar to those on text 
page 97. Encourage the children to 
locate the numbers on the number 
lines on their papers, or to use the 
larger demonstration number line 
if they are unable to decide how to 
round the numbers. 

Ultimately, the children should 
be able to verbalize, at least rough- 
ly, the generalization that they will 
round down to the nearest multiple 
of 10 if the ones’ digit is 4 or less, 
and round up to the nearest multi- 
ple of 10 if the ones’ digit is 6 or 
more (and they should see that a 
similar generalization holds for 
multiples of 100). The children 
should also see that the agreement 
on handling numbers exactly half- 
way between multiples is arbitrary, 
but they should decide on some ex- 
plicit way of handling them. 


Using the Ideas 


Choose the best estimate from the three 
estimates given for each problem. 


1. One tank of water can hold about 12 fish. 
Choose the best estimate for the number 
of fish 88 tanks would hold: ¢ 
a 800fish 8 100fish c 900 fish 


2. A piece of gold weighs about 19 times as much 
as a piece of ice the same size. If an ice cube 
weighs 62 g, choose the best estimate for the 
weight of a similar block of gold.c 
aA 80g 8 1000g c 1200g 





3. A piece of aluminum weighs about 169 grams. 
A lead pipe weighs 850 grams. 
Estimate the difference in the weights:8 
a 600 grams 8 7OO grams c 800 grams 





4. The distance between the posts is about 
39 centimetres. Estimate the distance in 
centimetres between 72 such posts:A 
aA 2800cm Bs 2100cm ec 280cm 


5. One truck holds 36 barrels. Estimate the 
number of trucks needed to hold 278 barrels: 
a 7 BY c 80 





6. A car travelling 96 kilometres per hour is travelling about 27 
metres per second. Estimate the distance travelled in 55 seconds: c 
a 4000 metres B 1 kilometre c 1400 metres 


Resources for Active Learning 

Applied Mathematics Cards, “*Es- 
timating Length ..., Group 
1/8-10, Schofield and Sims. (Avail- 
able from Mafex Associates, 
Willowdale) 





7. Sound travels 322 metres per second in air. Estimate how 
many seconds it takes sound to travel one kilometre in air: 8 
A-2 B 3 c 4 


mM tice, A-8, Set 16 107 : 
ore practice, page Duplicator Masters, page 19 








Using the Exercises 

Assign the exercises on page 107 
as independent work. When the 
children have finished, allow them 
time to share the ways in which 
they chose their estimates. 


Assignments (page 107) 
Minimum: 1-2, oral; 3-5. 
Average: 1-2, oral; 3-7. 
Maximum: 1-7. 
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PAGES 108-109 
Objective 

Given a variety of problems in- 
volving estimation, the child will 
demonstrate and practice his esti- 
mating skills. 


Preparation 

Since this lesson should be treated 
with a light touch, you might want 
to use the preparation time for a 
review of skills with multiples of 
10 or 100. You might provide the 
children with some oral work in 
rounding numbers ( “‘274 is nearest 
what multiple of 10?’’) or in finding 
products of multiples of 10 or 100. 
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Estimation for Fun 


1. Count the number of times your heart 
beats in one minute. Estimate the 


number of beats in one hour. 
Estimates will vary. 


2. One of the longest words in the Oxford 
Dictionary is shown below. Count the 
numbers of letters in a 1-centimetre space. 
Then estimate the number of letters in the word. 


floccinaucinihilipilification 





(The Oxford Dictionary defines 
this word as “the action of 
estimating as worthless.”’) 






30 is a good estimote. 


3. One of the longest names known is that of a Hawaiian girl. 
Estimate the number of letters in her name. ©° is o good estimate. 
Kuuleikailialohaopiilaniwailauokekoaulumahiehiekealaomaonaopiikea 


ni 


4. The picture shows the length of a 
unit, called a pik, which is used in 
Egypt. The pyramid of Cheops, 
near Cairo, was originally about 
253 piks high. Estimate the 


height of the pyramid in centimetres. 
15 000 


[ae pi. 



















* 5. 


Use your mathematics book and 
your ruler to estimate the number 
of pages in a book 3 metres thick. 





5ee Discussion. 
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Discussion 

Since these problems are intended 
to be done independently, you 
might save any discussion until the 


variety of answers for exercise 5, 
since the children’s estimates of the 
thickness of the book will vary. 
Children might use one centimetre 


children finish them. Keep in mind 
that an important feature of this 
type of lesson is the interest that 
can be generated by allowing the 
children to digress from purely 
mathematical discussion. For ex- 
ample, some children might know 
other facts about pyramids that 
they would like to relate during the 
discussion of exercise 4. 

Note that exercise 4 introduces 
a new unit of measure called a pik. 
The exact length of a pik is 58 cen- 
timetres. You can expect a wide 


or one and a half centimetres as 
the estimate for the thickness of the 
mathematics book (excluding the 
cover) and 300 or 400 as the esti- 
mate for the number of pages. Thus, 
answers may vary from as many as 
120 000° pages to 60 000 pages. 





6. It takes about 48 marbles (of approximately 
1 cm diameter) to cover the bottom of a litre 
milk carton. Estimate the number of 
marbles the carton holds when it is filled 
to the red arrow.\ ooo 





7. The height of a full-grown human is about 
21 times the length of his middle finger. 
a Estimate the height of a person whose 
middle finger is the length shownAbevt. (60em 
%* 8 Estimate the heights of a tall adult and 
a short adult by measuring the lengths 
of their middle fingers. Check your 


estimates by finding their correct heights. 
Estimates will vary. f 
8. Measure the height (in centimetres) of three 


of your classmates. 

a Estimate the height of a tower formed 
by the three classmates as shown. 

B If all the children in your class formed 
a tall tower, about how many metres 
high would it be ? Estimates will vary. 












* 9. Make the following estimates and then compare 

your answers with those of your classmates. 

a Estimate the number of litres of milk you 
drink in a week, a month, and a year. 

B Estimate in kilograms the total weight 
of all the children in your class. 

c Estimate in metres and in kilometres the 
distance you walk in one week. 

p Estimate in square metres the area 


of your classroom floor. 
Estimates will vary. 


Assignments (pages 108-109) ——— 
Minimum: 1-4. Average: 1-7. 
Maximum: 1-9. 


Follow-up 

Encourage children to extend 
any ideas the estimation problems 
might inspire. Some may make up 
task cards with estimation prob- 
lems they found in other books or 
invented themselves. Others may 
want to study lengths of various 
words or other interesting facts 
about pyramids, such as dimen- 
sions, shape, and time required for 
construction. 


Resources for Active Learning 

Math Activity Cards, ‘‘Leaves,” 
C38, Macmillan. 

Maths Mini-lab, Cards 139, 141 
(a game), Selective Educational 
Equipment. 


Workbook, page 32 
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PAGES 110-111 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 1. Find the products. 
Preparation a 10x 10!9° B 10 x 100!99° ¢ 100 x 10010900 p 10 x 1000 
It would be helpful to review round- 10 COO 





2. Find the products. 


ing numbers and using them to find 2800 
estimates for exercises in the basic aA 10 x 660 c¢ 10 x 28280E 6 x 100e006 18 x 100001 100 x 28 
operations. However, keep the re- B 17 x 1079p 10 x 35350F 100 x 9700n 27 x 100z705 54 x 100 


i brief. All child hould not — 
view brie bepbeienhdr ceo helsece HLS. 3. Give the number for a. 


be expected to master the estimat- : 
Then give the number for b. 


ing skills developed in this chapter, 1200 
so treat the estimating ideas on aA 40x3x10=a—> 40x 30=bi200 


3500 
page 111 with a light touch and BL c0 rs 1S tae 50 x 70=b3500 
provide the children with a variety ce 90x6x10=a > 90 x 60=65400 

D 


6300 
of experiences in estimation. 70x9x10=a— 70 x 90=be300 


4. Find the products. 
A 30 x 30900 fF 80 x 504000 
B 40 x 20800 «6 90 x 6540 
c 60 x 10c00 un 10 x 90900 
pvp 4x 70280 1 90 x 908100 
E 70 x 402800 y 7 x 30210 


5. Find the quotients. 
a 900 ~ 3030 fF 4000 =~ 5080 
B 800 ~ 4020 « 540 + 690 
c 600 = 10¢0 u 900 + 90I0 
p 280+ 740 1 8100 + 9090 
E 2800 = 4070 y 210 + 307 





6. Find the products and quotients. 
50 x 300'5900 — 800 x 50%0000; 60 x 905400 m 5400 ~ 90co 


> 





B 70 x 40028000 F 90 x 400s6000 5 3000 ~ 6500 n 40000 = 80500 
c 600 x 4024000 g 600 x 70%2000x 28000 + 70400 o 42000 ~ 70¢00 
p 50 x 60030000Hn 80 x 900720001 15000 + 30050 p 81 000 ~ 90200 
GG 
Discussion involves estimation, so ask those 


Assign exercises from both pages who solve it to explain how they 
for independent work. Page 110 — estimated their answers. 
stresses the products and quotients 
of multiples of 10 and 100. Page 
111 stresses the estimating skills. 
When children have finished, allow 
ample time for checking their work 
and discussing their answers. En- 
courage children to give reasons 
for their answers, particularly for 
the exercises on page I11. 
The pattern in the Think prob- 
lem on page 110 may challenge the 
children, but once they recognize 
it they should be able to fill in the 
screens. 
The Think problem on page 111 
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. Give the multiple of 10 that 
is closest to each number. 

a 394° ¢ 6770 £ 866879 

B 414° p 134!30F 10681070 





. Give the multiple of 100 that 

is closest to each number. 

A 50959% 86100 £ 6945600} 
B 197200p 1367 fF 5999 

1400 6000 






. Write an equation that shows how to estimate the answer 
for each exercise. Use multiples of 10. 

a 39 + 78°926°° p 27 x 52°00 og 14 x 9B'G08°° 5» 801 — 98S 700 
p 397 + 884950°°°E 423 + 58479 °°'n 65 x 35 at ok 48 x 542889 
PDOs OO nen tar AG © A6.ceeo. 10719 --83's°"F L561 = 722°" 


10. Write an equation that shows how to estimate the answer 
for each exercise. Use multiples of 100. 
a 513 + 97821500 ¢ 92 x 112i0c00 & 6729 — 3687 522° 
p 1503-498 vp 3543+726 Ff 4864 + 697 4900+700=7 


(S500-S00= 1000 3500+700=5 
11. Ironwood is one of the heaviest types of wood. It weighs about 1450 
grams per cubic decimetre. Balsa is one of the lightest types of wood. 
It weighs about 125 grams per cubic decimetre. 
a Estimate the weight of a cubic metre of ironwood. | 45° 909 or !450 kg 
B Estimate the weight of a cubic metre of balsa wood! 25 0004 er 125 kg 


12. Some large cars are nearly 6 metres long. One of the largest buses 
ever built was 173 metres long. Estimate the number of cars that 
could fit into a space long enough for the bus. 3 


* 13. One of the longest bicycles ever built was a 10-seater built in 1898. 
It was 763 centimetres long. Estimate the difference between the 
length of this bicycle and the total length of 10 ordinary 
bicycles, each 175 centimetres long.1200 cm 13 a good estimate 

(2000- 800) on 


———— 








Follow-up 
Children might enjoy working with 
a function-machine game such as 
the following. 

Use this notation: ‘n’ means 
round up to the given multiple; 


v2, Means round down to the 


given multiple; 7; means round 
to the nearest given multiple. 


Sample Tables 


Function Rule Function Rule 


to multiple to multiple 
of 10 44 of 100 











Function Rule Function Rule 





—to multiple 














Workbook, page 33 


111 


PAGES 112-113 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

If you have been conducting any 
contests involving estimation, such 
as guessing the number of items 
in a container, you may want to use 
this preparation period to deter- 
mine and discuss the best answers. 


12 


1. Solve the equations. 
A9x6=n 54 vn 63=9=n7 6 72=nNx895,8=56-Nn7T7 


B8+7=n15 


¢ 16—7=n9 fF 6/=n+ 47201 


2. Find the products. 





3. Solve the equations. 
a 837 = 800+n+7 30 
B 973 =n+70+3 900 
c 796 =n+ 90+ 700 6 


4. Solve the equations. 

aA 843 = (n x 100) + 43 2 
B 843 = (nx 10)+3 84 

c 369 = (nx 100) + 69 3 
dp 369 = (nx 10) +9 36 

E 4582 = (4 x n) + 582 \000 
F 4582 = (45 x n) + 82 100 
c 4582 = (458 x nm) + 2 10 


5. Solve the equations. 





L 

Discussion 

Assign the exercises on page 112 
as independent work. Review any 
topic which may have caused dif- 
ficulty previously and discuss any 
questions the children may have. 
In review pages such as these, it is 
important to check the papers care- 
fully and correct any misunder- 
standings the children may have. 


a. 3.x 57 = (3 50) 4. (3 n).7 

Bp 4x 36 = (n x 30) + (n x 6) 4 
—e 3 x 124 = (3 x n) + (3 x 20) + (3 x 4) J00 

F 3 x 5124 = (3 x n) + (3 x 100) + (3 x 20) + (3 x 4) 5000 





E50=nx105Hn n=54+96 kx 49=7=n7 


n= 9°x*7 63°C n x 10490 9. 


a7x428 pv 5« 8°40 74 7 x 5-35) vu ‘8 k-8:64 Bim Boao as 
B 4x9 36 E9x872 Hey’ Xx 9°63") kx 6X'7 ADEN Boa 208 
o88 x16-45 5 Fe“ Sec 72) 1 8x 432 19x6 54900 7 o@5 So 


p 864 = 800+ 504+ n 14 
—E 358 = 200+ n+ 8 \50 
F 592 =n+ 190+ 2 400 


H 803 = (80 x 10) +n 3 
1 803 = (79 x 10) +n 13 
J 700=(70x10)+n0 
x 700 = (69 x 10) + 7n 10 
t 3005 = (300 x 10) +n 5 
m 3005 = (299 x 10) + nr 15 
n 3023 = (29 x 100) + rn 123 


c 5 x 84= (5 x n) + (5 x 4) go 
pd 3 x 24= (3 x n) + (3 x 4) 20 








Follow-up 

Children may be motivated to pre- 
pare reports on other natural phe- 
nomena such as heights of water- 
falls or depths of oceans. World 
almanacs or the Book of Facts 
would be useful resources for this 
type of research. 





Sequoia Jrees 





The giant sequoia trees have been said to be the “‘oldest and largest 
living things on earth.” Some are from 3000 to 4000 years old. 

One of the largest sequoias, called the ““General Sherman, ’’ 

is 83 metres tall. Another type of sequoia, called a redwood tree, 
grows taller but not as large. A tree called the ‘New Tree” is one 

of the tallest of the redwoods. It is 112 metres tall. 





1. The Toronto Dominion Centre is 219 metres tall. Find the difference 
between the height of the building and the height of the “New Tree.” 
mm 


Pe How much taller is the “New Tree” than the “General Sherman” ? 
ne 


3. Is the Toronto Dominion Centre 2 times as tall as the ‘New Tree”’ ? 
Almost 
4. It takes 17 men with outstretched arms to encircle the 
“General Sherman.’ Suppose a man with outstretched arms can 
reach 183 cm. Give the circumference of the ‘‘General Sherman.’ 
B3lilcm 
5. The ‘General Sherman” contains enough wood to build 35 small 
five-room houses. Find the number of houses that could be 
built with the lumber from 24 such trees. 84-0 


6. The oldest dated giant sequoia was 3212 years old when it was 


cut down in 1892. Find the date when this tree started to grow. 
1320 B.C. 
ales 











Using the Exercises 

On page 113, read and discuss 
the first paragraph with the chil- 
dren. Allow the children an oppor- 
tunity to discuss sequoia trees 
briefly and then have them do the 
exercises. 

During the discussion of these 
exercises, keep in mind that one of 
the most important aspects of word 
problems is the interest they stim- 
ulate within the children. If the chil- 
dren show interest in this particular 
lesson, you might encourage them 
to do further research about sequoia 
and redwood trees and then report 
on them to the class. 
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CHAPTER 6 | Computing 


Pages 114-151 


General Objectives 


To develop skill in working with 
the addition and_ subtraction 
algorithms 


To review the multiplication al- 
gorithm and to develop skill in 
its use 


To review and extend ideas and 
skills involving division with I- 
digit divisors 

To prepare the child for work in 
division using 2-digit divisors 

To provide a variety of word prob- 
lem experiences 

The initial pages of this chapter are 

devoted to reviewing and extend- 

ing work with the addition and sub- 
traction algorithms. Accompanying 
these pages of practice and exten- 
sion of the algorithms are several 
sets of appropriate word problems. 

Following this, the multiplication 

algorithm is reviewed and ex- 

tended. This, too, is accompanied 
by appropriate word-problem sets. 

This review and extension of the 

addition, subtraction, and multi- 

plication algorithms constitutes 
about one half of the chapter. The 
rest of the chapter is devoted to 
work with division with single-digit 
divisors and some _ preparatory 
work with larger divisors. Howev- 
er, the complete development of 
the division algorithm using 2-digit 

divisors is deferred until Chapter 7. 
The degree of emphasis you will 

need to place on the early portions 
of the chapter will depend, of 
course, upon the background and 
ability of your children. It is quite 
likely that you will want to place 
the greater emphasis on the work 
with division, so that your children 
will have the skills needed to work 
efficiently with the division al- 
gorithm in the following chapter. 


Mathematics 


Most of the work with the addition 
algorithms involves no new math- 


T113A 


ematical concepts. Rather, this 
development relies primarily on 
mathematical concepts which were 
developed earlier in the program. 
For example, in the addition algo- 
rithm the chief mathematical con- 
cepts are those concerning use of 
the associative and commutative 
principles. Of course, it is these 
principles, and the generalization 
from these principles (that of rear- 
ranging addends), which allow us 
complete freedom when adding in 
columns. 

The most important principle in 
the multiplication algorithm is that 
of distributivity. In the multiplica- 
tion algorithm, we are often con- 
fronted with the need to find partial 
products and then add these prod- 
ucts to get the final product. This 
procedure is very much dependent 
upon the use of the distributive 
principle. 

Our basic definition for division 
(if aX b=c, and b ¥ 0, then a= 
c+b) must be extended to allow 
for remainders in division. Thus, 
we must define c + b for the case 
in which there is no whole number 
a such that a=c~ b. There are two 
alternatives: we can reconsider the 
definition above without the restric- 
tion that a, b, and c are whole num- 
bers, or we can redefine division to 
allow for nonzero remainders. Con- 
sider the following definition. 


If a, b, c, and d are whole num- 
bers such that (a X b) +d=c, 
and b # 0 and d < pb, then for 
c +b, ais the quotient and d is 
the remainder. 


Notice in this definition that, if 
d=0, we have the original defini- 
tion. In other words, a X b= c sim- 
ply implies c + b =a. Of course, if 
we wanted to make a statement of 
equality with regard to c + b when 
d # O, fractional numbers would be 
involved, and we would have 

d 


Cre 


An example of this would be 14 = 3. 


4 
3.14. 14+3=44+44, or 4% 

12 

2 


When we develop fractional num- 
bers in future work, we can return 
to this idea and establish that non- 
zero remainders give a quotient 
which is not a whole number. 

You will note that we are consid- 
ering two different ways of thinking 
about quotients: (1) as whole num- 
bers with a number called the re- 
mainder related to the quotient and 
(2) as fractional numbers such that 
the quotient times the divisor equals 
the dividend in each case. The latter 
case will be explored in Book 6. 


Teaching the Chapter 


Materials 


Atlases, almanacs, and other refer- 
ence books 

Catalogues and advertisements 

Colored strips 

Crayons 

Graph paper (l-cm grid) 

Maps (highway or airline maps, if 
possible) 

Watch with second hand 


Vocabulary 

average rate 
distance regrouping 
expanded notation time 


The short materials and vocabu- 
lary lists for such an extensive 
chapter as this reflect the fact that 
it includes little new mathematical 
content. This is a chapter devoted 
primarily to the development of 
skills and the utilization of mathe- 
matical concepts which have been 
developed previously. 


Lesson Schedule 


In a chapter as long as Chapter 6, 
it is easy to let the time schedule 
become too flexible. Because a 








large amount of material is cov- 
ered and skills are emphasized, 
it might be tempting to devote 
too much time to this work. Some 
two-page lessons are obviously a 
fairly easy day’s work, while others 
clearly will require more than a sin- 
gle day. There may even be areas 
in the chapter where you will 
choose to cover more than two 
pages in a single day. However, 
as a general rule, you will find that 
the work is sufficiently intense that 
you will prefer to cover no more 
than two pages per day in order 
that you may devote considerable 
time to explanatory development. 
In some instances, you may choose 
to spend two, or even three, days 
on a single lesson. For average 
classes, five to six weeks should 
be sufficient time for this chapter. 


Evaluation of Progress 


Assessing children’s progress and 
achievement in a chapter which 
emphasizes skills is one of the 
easier tasks of evaluation in the 
program. It is relatively easy to 
determine whether or not the chil- 
dren are able to work with a given 
algorithm. To test whether or not 
they understand the algorithm is 
another matter. Naturally, we feel 
that it is extremely important that 


the children understand the algo- 
rithms, and, certainly, such under- 
standing facilitates mastery of 
any algorithm. We therefore sug- 
gest that you evaluate understand- 
ing of the algorithms on a day-to- 
day basis, and conduct written tests 
to evaluate whether or not the 
children are actually able to per- 
form the necessary computations. 
Children’s ability to work with 
word problems should be part of 
your considerations in evaluation. 

The chapter review on pages 
148-149 can be used either as a 
review or reserved for use as an 
instrument of evaluation. Pages 
150-151 provide a cumulative re- 
view to help you check the chil- 
dren’s retention of basic skills and 
concepts. 


Resources for Active Learning 
GENERAL REFERENCES 


A Cloudburst, Vol. 2, No. 1353, 
Midwest Publications 

A Cloudburst, Vol. 2, Nos. 5914- 
5964, Midwest Publications 
[Pressure/density problems in 
division] 

Discovery, Section II, Units 
11/4,5; 12/4,5; 18/5, Encyclo- 
paedia Britannica Educational 
Corp. 


Nuffield Project: Problems —Red 
Set, No. 6, Wiley 


MANIPULATIVE DEVICES 


Papy Minicomputer (Macmillan) 

SEE Calculator (Selective Educa- 
tional Equipment) 

Ten-Inch Slide Rule (Selective 
Educational Equipment) 


COMMERCIAL GAMES 


Equations (Creative Publications; 
Wff ’N Proof) 

Heads Up (Creative Publications; 
Hammett; Math Media) 

Imout (Imout) 

Krypto (Creative 
Edmund Scientific) 

Numble (Hammett) 

Orbiting the Earth (Scott Fores- 
man) 

Playing Card Number Games— 
Whole Numbers (Heath) 

Quinto (Hammett; Selective Edu- 
cational Equipment) 

Real Numbers Game (Wff ’N 
Proof) 

Sum Times (Hammett; Selective 
Educational Equipment) 

TUF (Creative Publications; 
Cuisenaire\Co.; TUF) 

Twin Choice (Holt, Rinehart and 
Winston) 

The Winning Touch (CCM School 
Materials; school supplier) 


Publications; 
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PAGES 114-115 
Objective 

Given addition problems with 
addends of 2, 3, 4, or 5 digits, 
the child will test his ability to find 
the sums by using the addition 
algorithm. 


6 Computing 





®@ How are your adding skills? 





Investigating the Ideas 
See Investigation. 


Can you find the sums without | Use the code to grade 
missing more than one ? your own paper. 


Preparation 

To prepare for this lesson, you 
might provide a short oral review 
of basic addition facts. Give the 
children three addends less than 
9 and ask them for the sum. For 
example, say: “7+ 8, add 5. What’s 
your answer?” Or: “3+ 8, add 6 
more. What’s your answer?” If the 
children are able, have them do 
these exercises without paper and 
pencil. They should try to remem- 
ber partial sums in their heads as 
they go along. 





Investigation 

An investigation of this kind is most 
effective if the children work on it 
independently. This investigation 
is actually a little self-test which 
enables children to see how much 
they recall about adding when use 
of the addition algorithm is neces- 
sary. Stress the fact that the inves- 
tigation’s purpose is to have the 
children find out for themselves 
what they need to learn; it is not 
meant to enable anyone else to 
judge their work. Make sure they 
understand how to use the code 
correctly so that their corrections 
are valid. 


Discussing the Ideas 


1. If you missed more than one of the addition problems, you 
may find this flow chart helpful. Explain each step. See Discussion. 





2. Can you correct each mistake you made in the Investigation ? 


114 





Discussion 

The children should be able to work 
through the discussion section with- 
out much guidance. However, you 
will want to give special attention 
to those children who missed more 
than one of the problems in the 
investigation. Help them master 
the skill of the addition algorithm, 
which is depicted here in flow-chart 
form with an accompanying exam- 
ple. It would also be helpful to 
exhibit a few column addition prob- 
lems and demonstrate how partial 
sums are noted and how the algo- 
rithm applies. However, since this 
lesson is largely review, avoid 
spending excess time on it. 
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Using the Ideas 








. Find the sums. 
a 87 B 8 c 9 
+6 +54 
ay ez 
2. Find the sums. 
Ave 64.8. 48, ¢ 67 


















+21 +36 +39 
85 84 106 

Bp - 5s. c£ -95 Ff 64 
+67 +87 +46 
125 (82 oO 


3. Do not copy the exercises 
below. Just find each sum 
and write it on your paper. 
a 56 + 8 ©4 d5+9+ 822 « 6+74+84728 

Bp 47+ 956 E6+7+4+5!8 H8+9+4+7+4 832 

ec 89+ 897 F6+7+4+ 82! 1 64+9+5+4 828 











. Find the sums. 


























a 348 B 784 c 743 pd 984 —E 856 
692 65 806 376 972 
+843 +892 +59 +977 +800 
1883 TAI 1608 ~ 2337 2628 
F 9283 ‘6 ©9037 H ~~ 8651 1 982 J 7836 
7651 8066 784 7655 965 
8420 579 97 8 1749 
+9165 +8432 +8465 +93 +88 
34519 26 14 17 997 8738 10 638 

5. Find the sums. 15 7104 96 240 
a 6784+932+89+7864+35 ec 76528+93284+657+9827 


B 6748+297+3608+9410747 p 6427415 348+19+4+ 38422 178 





%* 6. In these exercises, some of the a Dill B Alli c Iioll 
digits are covered. Give all + 2 ill + Bill + I 5 il 
possible digits for the ll. i Ml UU 

7,8 2,3 45 
More practice, page A-9, Set 17 175 








Using the Exercises 

Assign the exercises on page 115 
as independent work. Have the 
children check their papers care- 
fully when they are finished, and 
then provide further review work 
for any children who might need 
it. 

Let the children who finish their 
work quickly attempt the Think 
problem. Probably all the children 
will be able to understand this 
problem once the correct answer 
is given; it is merely a standard 

, addition problem. The entire class 
: might benefit from hearing some of 
the children explain how they were 
able to arrive at the missing digits. 


Assignments (page 115) 
Minimum: 1-4E. Average: 1-5. 
Maximum: 1-6. 





Follow-up 

The use of chain games is a Ssuit- 
able method of providing addition- 
al practice of addition facts. Dup- 
licate chains such as the following 
on a worksheet or exhibit them on 
the chalkboard or with the over- 
head projector. 


Fill in the missing 


addends ie or sums|_]. 


Use the digits 0 through 9. 


Since there are many possible 
solutions, you might have the chil- 
dren trade papers and check each 
other, thus doubling the review 
possibilities. 


Resources for Active Learning 
Mathematics in Modules, WN19, 
Addison-Wesley. 


Duplicator Masters, page 20 
Workbook, page 34 
Skill Masters, page 20 
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PAGES 116-117 
Objective 

Given subtraction problems in- 
volving 2-, 3- and 4-digit numbers, 
the child will test his ability to find 
the differences by using the sub- 
traction algorithm. 


Preparation 

To prepare for this lesson, you 
might provide the children with a 
short oral practice of the basic sub- 
traction facts. This might be done 
by giving the children subtraction 
equations or asking them to find 
missing addends in an addition 
equation. For example, ask them, 
“If I start with 17 and I take away 
9, how many do I have left?’ Or, 
“If I have 8 and want 15, how 
many more do I need?”’ You might 
also give the children some oral 
chain games such as the following: 


“Start with 8... Add 5S... Sub- 
tract 7... Add 9... What’s your 
answer?” (15) 

sstart:with 16=. .Sabtrac07.3. 
Add 8. . . Subtract 4. . . What’s 
your answer?” (13) 


Remember that the desirability of 
using preparation like this depends 
on the need of the children and the 
organization of your classroom. 


Investigation 

As in the previous lesson, children 
should work independently on this 
investigation. Again they are given 
an opportunity to test themselves 
on how well they recall a basic algo- 
rithm. Do not help the children be- 
yond making sure that they under- 
stand what they are being asked to 
do. If they have forgotten how to 
do a problem and ask for assis- 
tance, explain that you want them 
to find out for themselves what they 
need to learn or review. 
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Investigating the Ideas 





Can you find the differences 
without missing more than one ? 


your own paper. 





Discussing the Ideas 


1. If you missed more than one of the subtraction problems, 
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Discussion 

Again, this discussion section may 
be handled by the children with- 
out much teacher guidance. How- 
ever, it would be helpful to exhibit 
and work through a few examples 
such as parts 5 and 6 of the in- 
vestigation or exercise 2 on page 
117. Allow children who have mas- 
tered the algorithm skill to continue 
to page 117 or to work on supple- 
mentary activities. Provide any nec- 
essary guidance for those who still 
need it. 





® How are your subtracting skills? 





See \|nvestigation. 





Use the code to grade 


you may find this flow chart helpful. Explain each step. See Discussion 


2. Can you correct each mistake you made in the Investigation ? 





CC eee ad 


1. Find the differences. 


aA 64 a 72 c 83 D Au, 95° «8 61 
—28 —34 —29 —18 —75 —54 
~ 36 38 ~ 54 ~ eo, 20 To9/ 

6 158 wn 137 1 C2 nl 57. 33... E 80 
—69 —58 —21 —78 —65 —56 
~~ 89 9 aT 79 2B 20 

m 182 n 156 Oo ise] Pp 643 827 rR 650 
—91 —87 —164 —156 —287 —193 
Sig ~ 69 ~ 163 ~ 487 ~ 540 7 457 

sa f23 t.,o42/ u 6513 v 4327 w 7214 
—327 — 6543 — 2465 —1651 —3888 
~ 396 ~ 1684 ~ 4048 ~ 2676 ~ 3326 


2. The two examples show a convenient way to regroup when 
there are zeros involved. Complete each subtraction. 





3. Find the differences. 











AL e701 gs :600 ere ° 507 
—137 —133 —489 
~~ 564 ~ 467 2 16 

p 5726 e 6592 fF 8462 
—4314 —1399 —3597 

1412 5193 4865 

e 7302 un 8000 1: 5001 
—1765 —1672 —3679 
5537 6528 1322 

wa 600 « © 800°°L’ 6034 
—=257 —69 —1655 

343 Pat 4379 

m 8006 vn 6205 o 7026 
— 47392-1984 . —1550 
6267 4221 5476 


More practice, page A-9, Set 18 





B 7004 
—4265 

















Using the Exercises 

Assign the exercises on page 117 as 
independent work. If you did not 
do so during the discussion period, 
point out in exercise 2 the conve- 
nient way to regroup in situations 
involving zero. 

The children who finish the page 
early can work on the Think prob- 
lem. This problem may prove par- 
ticularly difficult for some children, 
and they may need some sugges- 
tions, such as: ‘‘Write the subtrac- 
tion problem and put in 7 for a, 4 
for b, and 5 for f. Then try to find 
the other missing letters.”” Most of 
the children should understand the 
problem once the correct answer is 





Using the Ideas 


C 












given. Take care, though, to see 
that all the children have an oppor- 
tunity (perhaps overnight) to work 
on this Think problem before the 
correct answer is given. 


Assignments (page 117) 
Minimum: 1A-L, 2-3F. 
Average: 1A-R, 2-31. 
Maximum: 1-3. 





Follow-up 

You might prepare a worksheet of 
reconstruction problems such as 
those that follow. (Point out that 
each screen does not necessarily 
represent the same number in a 
particular example.) 


sim Tuo 
—8 32M 
Ws ill 6 













1 iil i 
— OIlllll4 
356 


Ih 4 tl 
9.1 
2 Iil7 








MMS. 4 tin 
+1 7illil 
Sill 7 


Ml 2 7 
+8 Alilliis 


13 Illl3 5 


4 8ilill 
+IllllS 6 
6Illll3 














Duplicator Masters, page 21 
Workbook, page 35 
Skill Masters, page 21 
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PAGES 118-119 

Objective 

Given addition and_ subtraction 
problems involving amounts of 
money, the child will be able 
to solve the problems using the 
addition and subtraction algo- 
rithms and the appropriate money 
notation. 


® Let’s add and subtract amounts of money. 





Investigating the Ideas 


Preparation 

It would be suitable to begin this 
lesson without specific preparation. 
However, if you choose, you might 
stimulate the children’s interest by 
asking them about things they 
would like to buy if they had $20.00 
to spend. 


Investigation 

You might have children work in- 
dependently or in small groups for 
this investigation. In order to an- 
swer the question, the children will 
have to add a column of prices. As 
you move around the room, notice 
which children recall how to use 
the money notation, but wait until 
the discussion period to point out 
its use. You might want to ask some 
groups to suggest why the investi- 
gation question specifies that they 
should save “about a dollar for 
tax.” Encourage children to explain 
what they know about such sales or 





You have $20.00 to spend. Can you figure out a way to 


spend nearly all of it, except about a dollar for tax ? 
Poce LeveatinAat ion anda Dieciiss GH: 








Discussing the Ideas 


1. When you add and subtract amounts of money, what must you 
be sure to do when you write your problem on paper ? Why ? 
Line up the decimal points correctly, so the answer will show 
the proper number of dollars and cents. 

2. a What two items are more than $20.00 ? Bicycle and skis 


s What items are between 10 and 20 dollars ? 
Baseball glove and tennis racket 





other taxes on purchases. 3. Explain why the total is ball cap 89¢ 
not correct. How would  3.0° volleyball $3 _ 
you write the problem? 9:8? total 92¢ 
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Discussion 

Encourage children to compare the 
combinations which they chose in 
response to the investigation ques- 
tion. You might have several chil- 
dren write their lists of amounts of 
money on the chalkboard and use 
these as examples to point out the 
importance of using the correct no- 
tation for dollars and cents. Also, 
use examples to review with the 
children the idea of converting dol- 
lar notation to cents notation and 
cents notation to dollar notation. 
Stress the fact that the decimal 
point merely separates the numer- 
als representing cents from those 
representing dollars. 
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3. The bicycle costs how much more than the skis ? $40.00 


10. 





. How much more does the football cost 


than the roller skates ? $\.02 


. How much would the tennis racket and a can 


of 3 tennis balls cost ? $13.44 


. How much would it cost to buy the ball glove, 


a softball, and a bat ? $17.43 


. If you bought the basketball for $6.95 and gave the 
clerk $20, how much money should you get back ?$)3.05 


. How much money do you save by getting a can of 3 tennis 
balls rather than 3 separate balls ? ¢ 20 


. How much would it cost to buy 4 table tennis paddles 
and a box of table tennis balls ? $6.15 


. What two things could you buy (without tax) so that you 
would get 5 cents in change if you gave the clerk 20 dollars ? 


Baseball glove and football 


. Find the total amounts. 


























a $3.27 B $9.23 c $2.39 
4.68 6.58 6.98 
$7.95 $15.81 $9.37 

F $4.26 « $7.37 
3.78 .06 
4.65 5.04 H $88.59 

$12.69 $12.47 L $249.92 

Find the difference in the amounts. 

a $6.78 B $21.95 c $7.98 
2.39 16.56 4.06 

$4.39 - $ 5.39 $3.92 


p $78.60, $21.78 
—E $2.98, $54.50 


D $56.82 
E $51.52 


F $6.75, $29.95 
« $60.00, $29.88 


F $23.20 
G $30.12 


Using the Exercises 


p $7.45 E $5.67 
1.68 85 
$9.13 $6.52 


H $6.73, $5.86, $.95, $10.75, $64.30 
1 $46.20, $34.95, $68.50, $94.27 





Have the children do the problems 
and exercises on page 119 inde- 
pendently. When they finish and 
as you check their papers with 
them, stress the importance of cor- 
rectly aligning the columns of nu- 
merals and the money notation for 
the amounts in exercises 9 H and 
I and 10 D-G. 

Point out to those who try the 
Think problem that here each [lll 
represents the same digit. 


Using the Ideas 





Assignments (page 119) 

Minimum: 1-4, oral; 9A-C, 10A- 
C. Average: 1-4, oral; 5-7, 9A-E, 
10A-F. Maximum: 1-4, oral; 5-10. 





Mathematics 

The use of the decimal point in 
exercises for finding total amounts 
of money could involve fractional- 
number concepts and some study 
of fractional numbers. However, 
until fractional numbers are devel- 
oped carefully, tell the children sim- 
ply that the decimal point is a dot 
separating the numerals which tell 
the number of dollars from those 
which tell the number of cents. Re- 
view with the children that the first, 
or ones’, place tells the number of 
pennies, that the second, or tens’, 
place records the number of dimes, 
and that ten pennies make a dime. 
Then note that the third place 
shows the number of dollars, and 
that ten dimes make a dollar. Thus, 
we draw an analogy between this 
situation and ordinary 3-digit prob- 
lems. The children should under- 
stand that the addition algorithm is 
used to find the total amounts of 
money in the standard notation for 
dollars and cents, and you need not 
mention mathematical concepts in- 
volved in decimal or fractional- 
number notation. Similarly, money 
subtraction problems will be han- 
dled as though they are whole-num- 
ber problems. 


Follow-up 

Perhaps a comparative study of the 
cost of sports equipment in your 
area would provide data for other 
problems requiring subtraction. If 
you assign each child to a small 
group and assign each group the 
task of studying prices in a given 
store, the children can later pool 
data to find average prices, dif- 
ferences, determine “best buys,” 
organize data by making graphs, 
and so on. 


Resources for Active Learning 

A Cloudburst, Vol. 2, Nos. 1563, 
1564, Midwest Publications 

Experiences in Mathematical 
Ideas, Vol. 2, Unit 8, Experi- 
ence 1, NCTM. 

Mathematics in Modules, WN16, 
Addison-Wesley. 





Duplicator Masters, page 22 
Workbook, page 36 
Skill Masters, page 22 
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PAGES 120-121 
Objective ? Solving Story Problems  )\)\or'\a\\s 0\ ork Aenea 


Given problems with accompa- 
nying charts, the child will be able 
to solve the problems by using the 
data in the charts and by using 
addition and subtraction. 





Preparation 

To prepare for this lesson, you 
might stimulate interest by asking 
if any children have ever seen any 
of the waterfalls or bridges dis- 
cussed in these two pages. You 
might also use this time for a brief 
review of the addition and subtrac- 
tion algorithm. 





Niagara Churchill Fairy Takakkaw Yosemite Ribbon 


Ontario Labrador Washington British Columbia California California 
51 metres 75 metres 214 metres 366 metres 436 metres 492 metres 


1. Tell how much farther the water falls in the first waterfall 
than in the second. 


A Ribbon, Yose ite pb Churchill, Niagara c Takakkaw, Niagara 315m 
. ™m F -p) 24m 
B Ribbon, Takak aw Fairy, Churchill w Fairy, Niagara = je3m 
c Yosemite, NEED F Takakkaw, Churchill 1 Ribbon, Niagara 44tm 
m m 


2. At Angel Falls in Venezuela the water falls 488 metres farther than 
at Ribbon Falls. Give the number of metres for Angel Falls. 980m 


3. Yosemite Falls has 3 sections. The upper falls is shown above. The 
water drops 206 metres in the middle section and 97 metres in the 
lower falls. Give the total distance that the water drops 739m 


4. At Multnomah Falls in Oregon the water drops a distance 176 metres 
less than at Takakkaw Falls. What is the height of Multnomah Falls ? 190m 


%& 5. Place Ville-Marie in Montreal is 117 metres higher than Churchill 
Falls. How much higher is Takakkaw than Place Ville-Marie ? \74m 
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Discussion 

Discuss with the children the graph 

showing the heights of the water- 

falls. Have the children observe 

that they must refer to the graph 

for all of exercise 1 and parts of 

the other exercises. Also, observe 

with them that starred exercise 5 

is more difficult than the other prob- 

lems and intended only for those 

who wish to try it. You will prob- 

ably want to provide time for chil- 

dren to work through these prob- 

lems and then compare their an- 

swers, before moving on to the dis- 

cussion and assignment of the prob- Assignments (page 120) 

lems on page 121. Minimum: 1-2. Average: 1-4. 
Maximum: 1-S. 
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Follow-up 

SUSPENSION BRIDGES Learning to organize and record 
information in graphs (line, bar, pic- 
ture, and circle graphs), in charts, 
Poe ere eara : . and in tables, and learning to 
Bites yp FA is | interpret this organized data are 


Sy vs [ Rawvarecy >| — ———— important skills. Information about 
Verrazano-Narrows | New York City your province’s crops, minerals, cli- 
Golden Gate San Francisco Bay mate, industry, imports and ex- 
ports, population, occupations, and 
1952 the like will provide many oppor- 

ehec 1972 tunities to sharpen such skills. 


473 Resources for Active Learning 

SMSG: Probability for Intermedi- 
ate Grades, ‘‘Using Graphs to 
Learn About Chance,” Lesson 
4, Stanford University. [A les- 
son extension ] 








1. How much longer is the main span of the Verrazano-Narrows 
Bridge than the Pierre Laporte ? ©52 ™ Workbook, page 37 





2. How many years old was the Golden Gate Bridge when the 
Verrazano-Narrows Bridge was built ? 27 years 


3. How much longer is the main span of the Golden Gate Bridge than 
that of Halifax's Narrows Bridge ? 859 = 


4. The Lion's Gate Bridge was 
built how many years before 
the Tacoma Bridge ? !yeers 


5. The highest bridge listed 
in the chart is how much 
higher than the lowest ? 28 ™ 





6. What is the total length of the main spans for these three 
bridges: the Lion’s Gate, the Pierre Laporte, and the 
Narrows ?!562m 
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Using the Exercises 

It would be helpful to discuss the 

chart on page 121 and read several 

entries from the table. Then, have 

the children do the exercises. 

Again, when they have finished, 

allow time for further discussion. 

Keep in mind that, for such word- 

problem sets as those on these two 

pages, some of the extraneous ac- 

companying discussion is important 

in terms of stimulating the chil- 

dren’s interest, not only in arith- 

metic but in the way arithmetic is 

used in everyday life. 
Assignments (page 121) 
Minimum: 1-3. Average: 1-5. 
Maximum: 1-6. 
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PAGES 122-123 
Objective 

Given multiplication problems 
with a single-digit multiplier, the 
child will be able to find the prod- 
ucts by using the distributive prin- 
ciple and the multiplication algo- 
rithm. 


Preparation 
To prepare for this lesson, you 
might provide a short oral review of 
basic multiplication facts. Other- 
wise, begin immediately with the 
investigation. 


Investigation 

In this investigation, children are 
expected to study and recall the 
way the distributive principle is 
used to break apart a 2-digit factor. 
Then they are given an opportunity 
to use their understanding and skill 
in a timed exercise. Note that the 
children are encouraged to multiply 
without pencil and paper and with- 
out written computation. Use this 
investigation as a self-test, and pro- 
vide the children with answers so 
that they can check their work 
when they finish. You might devise 
a code and write the answers in 
coded form on the chalkboard. 
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Investigating the Ideas 


The distributive principle 
helps you find products like 
4 x 36 without doing any 
writing. Study the example. 
Now test yourself and grade 
your own paper. 


See Lnvestigation, 


Can you write 
just the answers 


for these problems 
in 2 minutes ? 


Discussing the Ideas 


4 x 36 = (4 x 30) + (4 x 6) 


Bie ice beet 2 2x7= bit” 
122 





® Can you use the distributive principle? 





1. Use this example of the distributive principle to explain 
how Mark found the product 4 x 36. See Discussion. 


2. Give the numbers for a and b. Then give the product for c. 





Discussion 
Guide the children in a discussion 
of the distributive principle. Help 


similar examples to show the con- 
venience of the final shortcut meth- 
od, as shown here. 


them realize that Mark “broke 2 2 
apart” the 36 and multiplied each 87 87 
part and then added his two (partial) 3 tS 


products. It would be helpful to 1 261 
work through the other investiga- 
tion exercises similarly. 
Discussion exercise 2 is intended 
to be used as an oral exercise. Con- 
tinue to stress how the sums of a 
and b equal c, and that this type of 
computation should be done men- 
tally. 
You might choose to use exercise 
1 on page 123 as part of the discus- 
sion section. If so, work through 








: Se : ee x42=6 * ie n ag x 9=c 
B “seen i ee x 54 _'08 « A gad r a8 aan _365 
c pe : a4 x 23-2 " aah: 5 a4 x 74 222 
D ahs = SE x A5 =?! ee 3 Ree one ee 
E3x 50= aS, 56 18 9 2% 60 = a oy gg 124. 
















The flow chart will help you 


Find the products. 


ae O4 
x4 
136 

6. 94 

x8 

752 

704 

x8 

5652 

3276 

oD, 

552 


ihe 


16. 











2. 65 3. ~38 4. 
es x6 
195 228 
Te wishes) $5359. 4 9. 
x4 x5 
740 795 
12. 839 13. 534 14. 
a x9 
5873 4806 
17. 5843 18. 8439 19. 
xs x4 
17,529 33,756 


More practice, page A-10, Set 19 


review two ways to write your 
work for products like 3 x 465. 


67 575 
x4 Son 
268 525 
287 10. 651 
x4 x9 
1148 5859 
576 15. 680 
x8 x9 

4608 6IZO 
8037 20. 9206 
x4 x8 
32,148 73,648 
123 


Using the Ideas 


You did 
the adding 


as you did 
each step. 











Using the Exercises 

After discussing exercise | on page 
123, assign the remaining exercises 
as independent work. You might 
have several children demonstrate 
at the chalkboard how they worked 
the exercises. When they have 
finished, have them check their pa- 
pers carefully. 





Assignments (page 123) 

Minimum: Odd-numbered prob- 
lems. 

Average: 1-15. Maximum: 1-20. 





Mathematics 

Since the concepts necessary for 
understanding the multiplication al- 
gorithm have been developed pre- 
viously, this lesson presents no 
new mathematical concepts. The 
chief mathematical concept that is 
involved is the utilization of the 
distributive principle for breaking 
apart numbers and adding partial 
products in the multiplication al- 
gorithm. The development of the 
algorithm requires little more than 
helping the children learn to write 
the work in a specific convenient 
way. 


Follow-up 

To provide practice in finding the 
multiples of 3 and 8, provide work- 
sheets presenting a problem similar 
to that below. Encourage children 
to work on it during their free time. 


During a sale S5¢ candy bars cost 
3¢, and 10¢ candy bars cost 8¢. Use 
the numbers 0 through 9 to show 
how many of each kind of candy bar 
the children purchased during the 
sale. 

Alice 

(C363), G63) = 

Ben 

(42x33) 4° X< 3) === 
Cheryl 

(23) (22 <8) Sees 
Dale 

(2283) = (2 8) 32 
Ed 

(3) SS 8) Ss 
Frank 

(<3) ie << 8) — a 
Gail 

(E253 Fi (2Se8) 

Helen 

CX 3) X38) = 2S 

Jon 

OE OY hee es ba Casa 

Kris 

(2963) SS) 


Resources for Active Learning 
Mathematics in Modules, WN14, 
Addison-Wesley. 





Duplicator Masters, page 23 
Workbook, page 38 
Skill Masters, page 23 
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PAGES 124-125 
Objective 

Given multiplication problems 
with factors of 2 or 3 digits, the 
child will be able to use the multi- 
plication algorithm to solve the 
problems. 


Preparation 

To prepare for this lesson, you 
might review multiplication with 
single-digit multipliers. For exam- 
ple, give the children oral exercises 
such as 3.x 54; 4X 67; 5.x 72; 
De xcdon lc. 

Encourage children to try to do 
their work without pencil and pa- 
per. However, since accuracy is 
important, allow them to use pencil 
and paper if they wish. 
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® Let's explore 2- and 3-digit factors. 


Discussing the Ideas 





what must you multiply Becky 


. Describe how you can find the product 40 x 23. 


Think: 4X23=92 ~ 40x23 =92x\0 =920 


a 3x542162 —§30x542¢ — F 5X 675335 == 50M ete waaee 
c 6x 83=498 — 83 x 60=x 4980 
u 9x54=486 —> 90x54=w 4800 
> 2x93=186 —> 20x93='s" 1, 7x86=602-+ 86 K70=y e020 
° 5 8x 49=392 —> 80x 49=z 3920 


1. If you can find products 
like 4 x 36, you can easily 
find products like 40 x 36. 
Can you solve the equation 
for Becky ? 1440 
2. If you know the product 3 x 42, 
this product by to find 30 x 42? \o 
3 
4. Solve the equations. 
10 
B 4x26=104 —> 40x 26=p 
¢ 7x34=238->70k34=F 
280 
ENS *35=280 —> 60 x 35=f 
5 


. Explain each step in the example below. See Discussion. 
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Discussion 

In this lesson, children progress 
from using a multiple of 10 as a 
multiplier to using 2- and 3-digit 
multipliers. As you discuss exer- 
cises 1, 2, and 3, be sure the chil- 
dren understand that, in order to 
find a product such as 40 X 65, they 
begin by writing a zero and then 
multiply 4 x 65. This is an impor- 
tant step in the initial work with 
the 2- and 3-digit algorithm, and it 
should be stressed as you discuss 
step 2 of exercise 5. Work through 
each of the steps in exercise 5 care- 
fully. Help the children realize that 
this algorithm is a way of working 
out the equation: 48 x 37 = (40 x 








37) + (8 X 37). If you feel the chil- 
dren need more practice, present 
other examples and ask children to 
explain them. 

It would also be helpful to pre- 
sent exercises in which the multi- 
plier has three digits. Exercise 3 on 
page 125 could serve as the basis 
for such a presentation. 


’ 
5 








1. Find the products. 


aA 24 


x 36 
“S64 


pd 14 
x 56 
Tht 

au 62 
x 26 


a 256 
x25 
6400 


p36 c 52 
x25 x 41 
JOO 27132 
E35 fe - 46 
x24 rae Tf 
B40 ATOZ 

a 71 83 
x33 » 57 
24715 47371 
x St: -38 
SSF x 49 
3367 (862 





(oa [30% 626=15,760 _ 


Boe 4ne 01 DI4 dp 137 
x 36 x23 x 45 
W664 W322 6165 


3. Find the products. 





1023 
B 


7648 








, 30690 68 200 


‘Bee Se 





38 240 286 300 


More practice, page A-10, Set 20 


Using the Exercises 

Have the children do the exercises 
on page 125 independently. You 
might want some children to study 
exercise 2 together and then dis- 
cuss the computations that were 
involved. In exercise 3, the children 
should notice the steps that are 
used in problems with a 3-digit 
multiplier. If this was not discussed 
previously, treat it carefully here. 
Relate part A to the equation 293 x 
34="(6 *9341)' + ' (90 'X 341) + 
(200 < 341). Point out how 200 x 
341 may be solved by writing two 
zeros and multiplying by two. You 
might also present examples like 
602 2793 and 600 X 2793. 








Using the Ideas 


r 891 
x 34 
30294. 


E 284 
x62 
17608 


341 
x 293 
99912 


956 
x 348 
332688 


125 








Assignments (page 125) 
Minimum: 1A-F, 2A-C. 
Average: 1A-I, 2. Maximum: 1-3. 


Follow-up 

Children might enjoy studying and 
completing the following patterns 
of 9. 


Ll. 49 KO S185 
6+ 98 X 9 = 888 
5 + 987 X 9 = 8888 
4+ 9876 X 9 = 88888 


Zool XG) eet 
(U2 x9)+3=111 
(123 xX 9)+4= 1111 


Resources for Active Learning 

Math Activity Cards, D28, Mac- 
millan. 

Mathematics in Modules, WN20, 
Addison-Wesley. 


Duplicator Masters, pages 24-25 
Workbook, page 39 
Skill Masters, pages 24-25. 
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PAGES 126-127 
Objective 

Given addition, subtraction, and 
multiplication word problems, the 
child will be able to solve the prob- 
lems by using the appropriate algo- 
rithm. 


Preparation 

To prepare for these problems, dis- 
cuss the two maps. Have children 
read several distances between two 
cities and have them observe the 
historical data on the transportation 
map. You might ask them what 
year it would have been 50 years 
ago, or 100 years ago. You may 
point out to the children that the 
nine weeks which the stage coach 
took to cross the country was con- 
sidered then to be very fast time 
and probably required travelling day 
and night. 


126 





Solving Story Problems 





* 4. 





Distances 


. Give the total distance for each trip. 2 


a Montreal to Quebec to Halifax |526 kr 
bs Vancouver to Regina to Winnipeg to Sault Sainte Marie 3793km 
c Edmonton to Whitehorse to Vancouver to Edmonton ¢|42 kr 


. Use the map to plan these trips for the smallest number of kilometres. 


c Halifax to Sault Sainte Marie 
pv Quebec to Whitehorse 
Va Edmonton 


a Vancouver to Winnipeg pei 


sB Edmonton to Sault Sainte Marie 
Vie Winns peg 


. Which distance is about 4 times as far as the distance from 


Montreal to Quebec ? Sauit Ste. Mare to Montreal (1022 km) 


Mr. Brown had driven his new car 1247 kilometres before leaving 
for a trip. When he got to one of the cities on the map, he had driven 
his car a total of 1817 kilometres. He went from this city 

to another city on the map, and by then he had driven 2617 


kilometres. From what city on the map did Mr. Brown start? ; 
Winnipeg; see Discussion 
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Discussion 

After the introductory discussion, 
have the children work the prob- 
lems. Remind them to read each 
problem carefully two or three 
times, find the required informa- 
tion from one of the maps, and 
solve the problem by using the 
suitable operation. 

Note that problem 4 is starred 
because it is intended primarily for 
the faster children. When the ex- 
planation to this problem is given, 
note that the first leg of the trip 
is 570 kilometres; hence, Mr. Brown 
started either at Winnipeg or Re- 
gina. In order to find out which city 
he started from, we must do the sec- 


ond part of the exercise and ob- 
serve that on the second leg of his 
trip he travelled 800 kilometres; 
since the only 800-km trip listed on 
the map is from Regina to Edmon- 
ton, he must have started from 
Winnipeg. 


Assignments (page 126) — 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


. About how many hours did it take the train to cross 











TRANSPORTATION 


WS as 








Canada ?9¢ 


. About how many minutes does it take the jet plane 


to cross the country ?200 


. How many days did it take the stagecoach to cross Canada ?<3 


How many hours would this be? How many minutes ? 
Siz 90720 


. More than 100 years ago, the first train between Montreal and 


Vancouver took 5 days. 
How many hours was this ? :20 


. The trip from Montreal to Vancouver is about 869 kilometres less 


than a trip all the way across the country. About how far is the trip ? 


: 473| Km 
. Today a train can cross Canada in about 58 hours. 
Could a modern train make it across and back 
while the old train is going across ?\\o W27 





Using the Exercises 


while problem 5 is a simple sub- used. 
traction problem. Note that prob- 
lem 6, however, requires the chil- 
dren to find, first, the number of 
hours needed for a modern train 
to make a round trip across the 
country and then compare that 
number with the number of hours 
it took an older train to make the 
trip one way. Most children will 
probably realize that they have 
already found the latter number in 


them compare their answers and 
The first four problems on page explain how they thought about the 
127 are multiplication problems, problem and what operation they 


response to problem 1. 
When the children have finished 
the problems on both pages, have 


Assignments (page 127) 
Minimum: 1-3. Average: 1-5. 
Maximum: 1-6. 


Follow-up 
Data such as the following might 
be used to encourage children to 
create their own story problems. 
The average speed of transoce- 
anic liners is 31 to 35 knots (or 
approximately 65 kilometres per 
hour). A knot is one nautical mile 
per hour. The international unit for 
a nautical mile is about 1852 metres. 
You might wish to give the 
children copies of the following 
data and ask them to find the ap- 
proximate sea distances (nautical 
miles) between the ports. (The 
number of hours has been rounded 
for easier computation.) 


Port to Port Sailing Times 
Montreal to Cape Town, South 
Africa — 203 hours 
Cape Town to Hong Kong—200 
hours 
Hong Kong to Vancouver— 165 


hours 
Le Havre to Gibraltar —33 hours 


Gibraltar to Port Said, U.A.R.—55 
hours 

Port Said to Bombay, India—88 hours 

Bombay to Melbourne, Australia— 159 
hours 

Melbourne to Honolulu — 142 hours 

Honolulu to San Francisco—60 hours 


Some children might like to make 
up problems based on the following 
questions. 

1. How many ways does the map 
on page 126 show to get from 
Vancouver to Halifax? Which 
route is the longest? the shortest? 

2. You are planning a vacation trip 
through Canada from your 
home in Whitehorse. Suppose 
you can make ideal airline con- 
nections (at any time you choose), 
and can spend at least 114 days 
visiting each city. Plan at least 
two trips visiting five different 
cities in 10 days. How many 
metres does each trip cover? 


Resources for Active Learning 
Maths Mini-lab, Card 81, Selective 
Educational Equipment. 


Duplicator Masters, page 26 
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PAGES 128-129 
Objective 

Given rectangular or polygonal 
regions and the lengths of their 
sides, the child will find the area 
and|/or perimeter by using the ap- 
propriate addition or multiplication 
algorithm. 


Preparation 
Materials 
graph paper, 

To prepare for this lesson, you 
might briefly review the concepts 
of area and perimeter. For exam- 
ple, ask children to describe how 
they might measure the perimeter 
of the classroom or the area of the 
chalkboard. Remind them that it is 
not always necessary to count units 
in order to measure something; 
they may often use operations such 
as addition and multiplication. 


I-cm grid; crayons 


Investigation 

Some children may be able to name 
the possible rectangular regions 
that have an area of 144 square 
units without drawing them on 
graph paper. Others may need to 
draw all 8 rectangles. Encourage 
children to list the dimensions of 
the rectangles systematically so 
that they can more easily check 
whether their list is complete. 


1 x 144 6 x 24 
2x72 8 x 18 
3 x 48 9x 16 
4 X 36 12512 


It would also be beneficial for 
children to group the colored rec- 
tangles on a bulletin board, accord- 
ing to height. They would have to 
tape some strips of graph paper to- 
gether for the rectangles of 1 x 144; 
2 X 72; 3 X 48, unless graph paper 
of smaller grids is used. 
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® Let’s compute area and perimeter. 





Investigating the Ideas 


Here is a rectangular region that 
has an area of 144 square units. 


9 x 16 = 144 





See Investigation. 














Draw and color at least 
one of the regions on 
graph paper. 


How many other rectangular 
regions that have an area of 
144 square units can you find ? 













Discussing the Ideas 
1. What is the perimeter of the region shown in the Investigation ? 50 
2. Can you give the perimeter of each of the regions you 


found in the Investigation ? |x \44, P=290; 2X72, P=|48; 3X48, P=102; 
4X36, P=80; 6X24, P=60; BX\8,P=52 5 9X6, P=5O; I2K12, PZAB 


A=169, P=52 





128 





Discussion 

Have the children explain the meth- 
ods they used in their investigation 
activities. Make sure they realize 
that the area can be found as the 
product of the length times the 
width. Use the examples from the 
investigation to emphasize the fact 
that the same amount of area may 
be enclosed by sides of different 
length. 

As you discuss exercises | and 
2, ask children to explain how to 
find the perimeter of a rectangular 
region. It would also be helpful to 
list the perimeter of each region 
in increasing or decreasing order. 
Call the children’s attention to the 


3. What are the area and perimeter of each square ? 


A=324, P=12 





fact that the rectangle with the 
smallest perimeter is the 12-by-12 
square. 

In discussing exercise 3, empha- 
size the methods of finding the pe- 
rimeter and the area of a square: 
to find the perimeter, multiply the 
length of one side by four; to find 
the area, multiply the length of a 
side by itself. 


A=225, P=GO 








Follow-up 

As suggested in the investigation, 
you might have the children graph 
or chart their rectangles according 
to height or according to perimeter. 
Encourage children to try the same 


Using the Ideas 


1. Find the area of the rectangle indicated in each exercise. 


A 2128 Squnits 


B 26,775 sq units 
REE Tal units: 


anys rice, 326 units 


2. Find the area of each figure. 


2716 sq units 


3. Multiply to find the perimeter of each figure. 
The lengths of the sides are given. 





Using the Exercises 
Before assigning the exercises on 
page 129 as independent work, 
help children observe that only a 
small part of each rectangle in ex- 
ercise | is pictured and that multi- 
plication should be used to find the 
area. In exercise 2, children should 
find the area of each of the partial 
regions and then find the total area. 
After you discuss the perimeters 
of the figures in exercise 3, have 
the children compare the areas of 
some of the figures. They might en- 
joy trying to decide whether figure 
B or figure F has the greater area. 
It would be difficult for the children 
to find the exact areas of these fig- 


ures, so you should not belabor 
the issue. However, simple sight 
comparisons of the two figures will 
provide a stimulating discussion. 
Some children might wish to do 
some research to try and find out 
how they can tell the area of odd- 
shaped figures such as those in 
parts B, C, D, and E. 


Assignments (page 129) 
Minimum: 1-2. Average: 1-3C. 
Maximum: 1-3. 


activities for rectangles with other 
areas, such as 48 or 36 square units. 
Besides stressing the application 
and practice of multiplication, this 
activity should also help children 
to realize that the same area may 
be enclosed within a variety of 
dimensions. 


Resources for Active Learning 

Developmental Math Cards, J+4, 
Addison-Wesley. 

Experiments in Mathematics, 
Stage 1, pp. 12-13, Houghton 
Mifflin. (Available from Thomas 
Nelson and Sons) 

Freedom to Learn, pp. 9-13; 84-85, 
Addison-Wesley. 

Inquiry in Mathematics via the Geo- 
Board, “Perimeter and Area,” 
Geo-Cards 19; 20/1-4; “Func- 
tions . . .,” Geo-Cards 30/ 1-31/3, 
Walker. (Available from Fitzhenry 
and Whiteside) 


Duplicator Masters, page 27 
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PAGES 130-131 
Objective 

Given addition, subtraction, and 
multiplication word problems, the 
child will be able to solve the prob- 
lems by using the appropriate 
algorithm. 


Preparation 

To prepare for this lesson, you 
might review the phrase, “‘as many 
times as.” For example, give chil- 
dren oral practice with problems 
such as these: 


“John has $4.00. Sue has three 
times as much. How much money 
does Sue have?” ($12.00) 

Jack travels 2 kilometres to 
school. Bill travels 7 times as many 
kilometres to school. How many 
kilometres does Bill travel to 
school?” (14 kilometres) 


130 





Short Stories Weights 


Baby elephant: 89 kilograms. 

1 Full-grown elephant: 57 times that 
much. How many kilograms does a 
full-grown elephant weigh ?5°73 kq 


Ga” 





Baby whale: weighs twice as much 
as a full-grown elephant. How 
much does a baby whale weigh ? 
; \© tA6 kg 
Full-grown whale: weighs 954 
times as much as a baby elephant. 

: igh? 
How much does a full-grown wang weigh f 





Automobile: weighs 21 times as 

much as the baby elephant. How 

much does the aut i igh ? 
uromobilg weg 





Professional football player: 
31 kg heavier than the 
baby elephant. What is the 


Bea : 35 kg light 
pert ae Peace football player's welgntt 
120 kg 


than the baby elephant. How 
much does the beauty queenayeigh 7 





One tonne: 68 kilograms less than 

12 times as much as the baby 

elephant. H ? 
phan ow many kilograms, 


Sigma 7 (a Mercury space capsule): weighed 
763 kilograms less than 30 times the weight of 
the baby elephant. How much did Sigma 7 weigh ? 1907 kg 


more than three times as much as 
the baby elephant. How much 
does the fat man weigh 2297 kg 


10222° man: lifts twice as much 
as 8 kilograms more than the baby 
elephant weighs. How much does he lift 294 «3 
130 





y Circus fat man: weighs 30 kilograms 








L 
Discussion 
Page 130 may be assigned as inde- 
pendent work. The children might 
be intrigued by some of the inter- 
esting, perhaps strange, informa- 
tion in the problems on page 130. 
They may even question the valid- 
ity of some of it. If so, you can 
assure them that, although some 
of the numbers given are approx- 
imations, the information is essen- 
tially factual. 





Assignments (page 130) 

Minimum: Odd-numbered prob- 
lems. 

Average: 1-8. Maximum: 1-10. 


LS Sea ie ve 


ae 


PO OAS. hes a ee 





‘4, 


HEIGHT AND DEP TH 


— 9000 
— 7500 
— 6000 

+ 4500 
1 3000 
1500 


Sea level 
1500 


3000 
4500 
6000 
7500 
9000 
10 500 





. Use the graph above to estimate the height or depth of each item listed. 


Write the name of each item and your estimate beside it. 
See figures (te the nearest hundred metres) on the right. 
The World Trade Center is 412 metres tall. Mount McKinley 


is 5749 metres higher than the World Trade Center. 
How high is Mount McKinley ?6\6) m 


. Mount Everest is almost 22 times higher than the World Trade 


Center. Use the height of the building, given in 


exercise 2, to estimate the height of Mount Everest. 
Over BB00 m (22% 400) 
The lowest land is 395 metres below sea level. The deepest 


mine is 2406 metres deeper. How deep is the deepest mine ? 
280[ m below sea level 


. How deep is the deepest oil well if it is 4929 metres 


deeper than the mine? 7730m below sea level 


. The deepest part of the ocean is about 305 metres deeper than 


27 times the depth of the lowest land. Use this information 
and the depth of the lowest land, given in exercise 4, to 


estimate the depth of the dee est part of the ocean. 
Abovt (1105 m£(27x400) + 30 er {105m te the nearest 


hundred metres) below sea level 434 


Using the Exercises 

Before assigning page 131, it 
would be helpful to discuss the 
illustration. You might observe 
with them that the picture is not 
intended to imply that the World 
Trade Center is right beside the 
Dead Sea or that the deepest oil 
well is right beside the Dead Sea 
or that the deepest mine is close to 
Mt. Everest or that Mt. McKinley 
is close to Mt. Everest. Point out 
that this is a diagram which shows 
the relationship between the vari- 


ous objects. 
Assignments (page 131) 


Minimum: 1-3. Average: 1-5. 


Maximum: 1-6. 





12 O00 metres 


Follow-up 

Help the children collect and or- 
ganize data using a bar or line 
graph. You might suggest that they 
make a project of classifying in- 
formation about the class members. 
For example: 


Birthdate by days and months 
Range of weights, boys and girls 
Range of heights, boys and girls 
Color of hair 

Color of eyes 

Hobbies 


This project could also include 
other kinds of data such as food 
preferences, pets, and television 
viewing habits. 


Answers exercise 1, page 131 

Mt. Everest, 9100 m 

Mt. McKinley, 6100 m 

World Trade Center, 400 m (500 is 
a good estimate) 

Dead Sea Shore, 400 m 

Deepest mine, 2600\m or 2700 m 
or 2800 m 

Deepest oil well, 7700 m or 7800 m 

Deepest part of the ocean, 10 700 
m or 10 800 m 


Resources for Active Learning 

Applied Mathematics Cards, Group 
2/6-10, Schofield and Sims. [Mea- 
surement and computation] 
(Available from Mafex Associates, 
Willowdale) 


Duplicator Masters, page 28 
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PAGES 132-133 
Objective 

Given a problem such as 6) 96, 
or nX6=96, the child will be 
able to find the quotient or missing 
factor by estimating the answer. 


® Let's get ready for dividing. 





Investigating the Ideas 


Preparation 

To prepare for this lesson, you 
might briefly review division as 
the inverse of multiplication. For 
example, you might say to the chil- 
dren: “If you know that 25 x 3 = 
75, then what do you know about 
75 +3?” Or: “If you know that 
4 X 12 = 48, then what do you know 
about 48 + 12?” 


Investigation 

In order for children to do this in- 
vestigation with understanding, it 
is important that they realize the 
relation between multiplication 
and division. With such an under- 
standing, they should be able to 
follow the steps in the flow chart, 
and continue to make guesses un- 
til they arrive at the correct quo- 
tient. If some children are not sure 
how to begin, suggest that they try 
a multiple of 10 as their first guess. 
By trial and error, they may soon 
realize that the quotient must be 
greater than 10 and less than 20. 
Some children may approach this 





Can you follow the flow chart and find the quotient ? 
io (See \nvestigation.) 








Discussing the Ideas 


1. How many estimates did you make before you found 
the quotient ? Answers will vary. 


2. How could subtraction help you make your new guess ? 
See Discussion. 

3. The example on the right will help 8 quotient 
you review the meaning of divisor, divisor 4)35 dividend 
dividend, quotient, and remainder. 32 
a What number was the divisor 3 remainder 


problem with the viewpoint of 
division as repeated subtraction. 
Such an approach should help them 
arrive at the correct answer, though 
perhaps with less actual ‘‘guess- 
ing.” Try to avoid giving the chil- 
dren direct guidance; encourage 
them to study the problem and flow 
chart on their own. However, as 
you move around the room, make 
sure each child interprets the direc- 
tions on the chart correctly. One of 
the purposes of this investigation is 
to help children realize the need for 
a method other than trial and error 
when looking for quotients. 


132 
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Discussion 

As you discuss exercise 1, you 
might show in inequality form some 
of the estimates the children made. 
For example: 


10 X 6 < 96 
20 X 6 > 96 


In exercise 2, help the children 
explain how subtraction might be 
used to solve a problem like 6) 96. 


96 
— 60 (10 x 6) 
36 
—36 (6 x 6) 
0 


in the Investigation ? 6 
Bs What number was the dividend ? 96 
c What was the remainder ? O(see Discussion.) 


Use exercise 3 to review the 
meaning of the terms divisor, div- 
idend, quotient, and remainder. In 
exercise 3C, encourage the re- 
sponse “remainder 0,” rather than 
“‘no remainder.” 









Using the Ideas 





Give the number pair for each gray space in exercises 1 to 6. 
Then find the quotient and remainder. 





Pairs: é ? : 4 . & oS io 





eo peter poeta 
4| |x 4>15 7| vjos.6e>140 ae reas 


Bp 4)15 3R3 B 6)40 oR4 Bp 5)47 9R2 






Reichl way tc Sa santas 6. as] | x 6 < 34 
6 |x3>16 a | xX, 7 48 o |x 6> 34 


p 3)16 5®! B 7)48 CRG s 6)34 5R4 












. For each exercise, first tell how many digits you think the product 
has; then estimate the product; finally, find the product to see 
how you did on your estimates. 

Example: 4 x 49 (Answer: Number of digits, 3; estimate, 200; 
correct product, 196) 
} a 40 x 4919¢0 p 8 x 97776 « 90 x 756750 5 4x 197788 
' B 6 x 51306 «€ 80 x 977760 Hn 90 x 75067500K 40 x 1977880 
: c 60 x 513000r 9x 75075 1 92 x 75649552_ 42 x 1978274 












8. From the set {32, 19, 51, 97, 79, 11}, choose a number for 


F the missing factor. Find the product to check your work. 
h igann x 5 =\95 Se ere ees 
(tea x 11 = 121 

} g7c 6 x b = 582 


50 t x 8 = 408 
oj7E Ss X GO = 776 
iif 608 x d = 6688} 
96 rx 21=399 | 
32H 22 x m= 704 
511 49 x b = 2499 





Next 10 Square numbers: 25,36, 49, 64, 
81,100, 121, 14.4, 169, 196; 36 is both 133 
; Square and triangular. 


—— —————————— 


rr. 


Using the Exercises 

On page 133, you may want to 
work one or two of the exercises 
with the class, stressing the rela- 
tionship between the inequalities 
and the division, before assigning 
the remaining exercises to be com- 
pleted independently. Remind the 
children of the form to use when 
writing a quotient and remainder: 


3R3 
4) 15 


Exercises 7 and 8 provide chil- 
dren with practice in making esti- 
mates so that they will be able to 
do this with division exercises in 
subsequent lessons. 








In order to complete the Think 
problem, children must remember 
what a triangular number is. Those 
who have forgotten might find it 
helpful to review pages 12 and 13. 


Assignments (page 133) 
Minimum: 1-3, 7A-J. 
Average: 1-7. Maximum: 1-8. 
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PAGES 134-135 
Objective 

Given a division exercise (with 
a single-digit divisor), the child 
will be able to find the quotient by 
using inequalities to estimate it. 


Preparation 

To prepare for this lesson, you 
might give children practice in 
completing inequalities. For exam- 
ple, you could write the following 
on the chalkboard: 


Nex 90) SPS Gue Sn Si 
40 x s > 150 46 xX q < 460 
t X 70 < 600 86 X m > 240 


Ask children to substitute for each 
letter some number which would 
make the inequality true. There 
will be several correct choices, but 
you might point out that one num- 
ber for each inequality is the great- 
est number or least number which 
might be used. For instance, in 
Wo Soe. nh May Dees. Ole 3, 
but 3 is the greatest number that 
will make the inequality statement 
true. Likewise, in 32 X r > 150, r 
may be any number greater than 
4, but 5 is the /east number which 
may be used. 


134 


2 x 6 < 262 
; x 6 > 262 


134 





4. Explain this check for 262 ~ 6. 


Multiply quotient by divisor and add 
remainder; result should be the same 
number as the dividend. 


Discussing the Ideas 


1. To find 262 ~ 6, you find the greatest number of sixes 
that can be subtracted from 262. 
a Can you subtract 10 sixes ?yes 8B Can you subtract 100 sixes ?No 


The quotient must be 


between __? _ and __? _. 
40 50 


3. Study each step below. Then try this one on your own: 


Think: 


| can subtract 
AO sixes from 262. 


Then | can 
subtract 3 more sixes. 


Think: 
The quotient is 43. 


The remainder is 4. 





Check: 43 
x6 
258 





Discussion 
Study carefully with the children 
the material in discussion exercises 
1 and 2. Exhibit on the chalkboard 
the division 6) 262 and go through 
each of the steps illustrated in the 
three boxes, giving the children an 
Opportunity to explain what is hap- 
pening in each step. Be sure that 
you make it clear to the children 
that on the left we show what they 
think about and on the right we 
show what they write on their 
papers. 

Use other examples to show how 
the inequalities are related to the 
division problem. 


Ask: How many fives are in 437? 


Think: Write: 
80°x 5 < 437 5) 437 
400 
90 x 5 > 437 


aT 
ERNE, 
2 
You may need to demonstrate 
other problems to make the rela- 
tion clear. Emphasize that the first 
estimate should be less than the 
dividend. Then have the children 
try the division 5) 212 on their own. 


® How can estimation help you find quotients? 


AZ R2 


5)212 


258 
+4 
262 











. Copy the two inequalities in each part. Put in the correct 
number pair. Then find the quotient and remainder. 


Pairs: Bo 


kee 

«535-173 

: ea 
> 143 

| omar 
L243 > 258 

1 beaeee 
R273 

“| Faeme 
x 4> 299 


. From the set{10, 20, 30, .. .}, find the largest number 
that will make the inequality true. Then find the quotient 


and remainder. 


ar x 4<143—> 4)143 





Using the Ideas 





ox 5<173 5)173 





5)17 A 
) 3 40 x 5 >= 173 150 
23 
__35R3 Ze 
4)143 
BERO oe RO 

- x 1b = 280 17On 
3)258 = «b> 280i 








©) 
— 
NO 
~ 
Ww 


45R3 5 @Bx7< 456 __@SRI 
% meen og arr) 456 





TERS. g x 9 < 293 —2ZR5 
4)299 hd 9 8 5997 =. 9)293 





_ 35R3 . __ 64R4 
E 9g x 5 < 324—> 5)324 













B m x 3 < 258— 3)258 
c is x 6 < 273 — 6)273 


D a x 4 < 299 4)299 


_ 86RO 


_45R3 


_74R3 





F 8 x 8 < 324— > 8)324 
« nx 7 < 203-—— 7)203 


u dx 9 < 306—> 9)306 


__ 40 R4 








1306 RO 
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Using the Exercises 

Depending on the background and 
ability of the children, you may 
want to work through some exam- 
ples on page 135 as a class activi- 
ty. You may also choose to have 
children work together in small 
groups; they should ask you for as- 
sistance only if no one in the group 
can explain to the others how to do 
the exercises. 

In exercise 2, make sure children 
realize that they are to work with 
multiples of 10. Help the children 
see that finding the /argest multi- 
ple of 10 for the inequality is sim- 
ilar to their work with the number 
pairs in exercise 1. 


Assignments (page 135) 
Minimum: 1A-D, 2A-D. 


Average: 1-2D. Maximum: 1-2. 















Workbook, page 40 
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PAGES 136-137 


Objective 

Given a division problem with a 
]-digit divisor and 4-digit dividend, 
the child will be able to find the 


quotient. 


Preparation 

To prepare for this lesson, you 
might provide children with prac- 
tice with inequalities. For exam- 
ple, write several true and false 
inequalities on the chalkboard and 
have children determine which are 
true and which are false. You might 
have them replace numbers in the 
false statements to make them 
true. 


800 x 6 < 4950 (T) 
400 x 5 < 1819 (F) 
600 x 3 > 2035 (F) 
500567 <93642) (7) 
700 X 9 > 6482 (F) 
300 x 8 < 2571 (T) 


136 





300 x 4 < 1428 
" 400 x 4 > 1428 


3. Study the example below. 
Then try this one on your own: 


e@ Let's explore 3-digit quotients. 


Discussing the Ideas 


1. To find 1428 = 4, you find the greatest number of fours 
that can be subtracted from 1428. 
a Can you subtract 100 fours? Yes 
sb Can you subtract 1000 fours ? No 


The quotient must be 


between _?__ and __? _. 
300 400 








357 
4)1428 
1200 < 300 x 4 





DIS<—> | 
28 


0 


for this example. 


136 





200< 50 x 4 


28< 7 x4 


4. Find and check the quotient 307%5 


Think: 


| can subtract 

300 fours from 1428. 
Then | can subtract 
50 more fours. 
Finally, | can subtract 
7 more fours. 





2) 


x 
B42 
+ 
6)1847 1847 
1800 < il x 6 


47 
42 < ill x 6 
5 








Discussion 

Discussion exercises | and 2 stress 
the importance of using multiples of 
100 and 1000 to estimate quotients. 
The use of inequalities should sim- 
ply be considered a tool for this 
purpose. When you discuss exer- 
cise 3, work through the division 
problem 4) 1428 step by step on 
the chalkboard, as illustrated in 
the text. Be sure the children see 
that on the left we show what they 
might be thinking about and on the 
right we show what they actually 
write on their paper. For instance, 
for the first step, they may think 300 
is the largest multiple of 100 x 4 
that will go into 1428; hence, they 


try 300. This gives them 1200 and 
they subtract to get 228; then they 
try to find the largest multiple of 
19 fours that can be subtracted 
from 228, and so on. 

Work through other examples 
similarly. As the children work 
such examples, do not expect them 
always to make the proper guess 
the first time. Of course, if a guess 
is too large, they will have to erase 
and start over; if their guess is too 
small, however, they should be en- 
couraged to continue with further 
subtraction rather than erase and 
begin again. 





Using the Ideas 






1. For each part, copy the two inequalities. Put in the correct 
number pair. Then find the quotient and remainder. 











A x 3 < 738 _. 3738 — x7 < 1372, 1960 
x 3 > 738 x7> 1372 7) 















, x6<2074 | ona F (908 x 3 < 2820 940 Ro 
ised x 6 > 2074 soo x 3 > 2820 ~ 3)2820 
= x 5 < 3963 792% BRB) x 8 < 5030 28 R6 
res x5>3963. 99° GR x 8 > 5030 ~ 9/5080 
RO , 
D x4<3008 22°. % 
ead igesexpngme: #008 


2. From the set (100, 200, 300, ...), 
find the largest number that will 
make the inequality true. Then 
find the quotient and remainder. 


356 R3 
OR x 4 < 1427 —> 4)1427 





520 R5 
ey x 6 < 3125—> 6)3125 









365 Rl 
cP x 5 < 1826 —> 5)1826 


__752 RO 
pm x 3 < 2256 = 3)2256 





600 641 R 
et x 7 < 4488— 7)4488 


625 RO 
rp’ x 8 < 5000 — > 8)5000 





Using the Exercises 
The exercises on page 137 are in- 
tended to direct the children to use 


estimation to make the best guess 
on their first try. Note that each 
pair of inequalities relates to a di- 
vision problem. You might use one 
or two exercises as a basis for dis- 
cussion. Children should do the 
actual multiplication to verify the 
inequalities. For example, in part 
1A, children should verify that 
200-300 is the correct pair by ob- 
serving that 200 x 3 < 738 and that 
300 X 3 > 738. 


en 


Assignments (page 137) 
Minimum: 1 A-D, 2A-C. 
Average: 1-2. Maximum: 1-2. 


Follow-up 

If children enjoyed the Think prob- 
lem, you might have them try some 
of the following examples to see 
whether they can discover the pat- 
tern and write others in which mul- 
tiples of 9 are the multipliers. 


97654321 12345679 

x9 x 18 

888888889 98765432 
12345679 

222222222 

12345679 12345679 

X 63 x72 

37037037 24691358 
74074074 86419753 

C19 Talal: 888888888 


Resources for Active Learning 
Mathematics in Modules, WN17, 
Addison-Wesley. 


Workbook, page 41 
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PAGES 138-139 
Objective 

Given an appropriate set of 
numbers, the child will be able to 
find their average. 


Preparation 
Materials 


colored strips 

Review with the children how 
the strips can be assigned number 
names according to a particular 
chosen unit. For example, ask 
them to place the strips in a “‘stair- 
step’’ fashion, ranging from the 
shortest to the longest. Suggest that 
they think of the white strip as hav- 
ing the value of one. Then ask what 
number would be assigned to the 
red strip, to the yellow strip, and so 
on until you have reviewed the cor- 
respondence between these strips 
and the numbers | to 10, when the 
white strip is the unit. 


Investigation 

Some children may need guidance 
in beginning this investigation. You 
might explain that here the phrase 
“matching train’? means a train 
which has the same length as an- 
other train. They are to find pairs 
of trains which have the same length 
and the same number of strips but 
which differ in the particular strips 
used for each train. One train of the 
pair must consist of one strip re- 
peatedly; the other train must con- 
tain at least two strips that are 
different. 

It is important for children to 
record the results of their investi- 
gation. Have them write down the 
strips used for each pair. Sample 
pairs of matching trains follow: 


Coe Re ee a 

2,2,2; 4,1,1 

3,3,3; 1,4,4 
4,4,4,4; 6,3,3,4 


138 


® What is the average of a set of numbers? 


Investigating the Ideas 


Here is a ‘‘train” of three strips, not all the same. 





Here is a ‘matching train” of three strips, all the same. 


Can you make some pairs of ‘matching trains” so that 
[1] matching trains have the same number of strips, 
[2] one train has strips all the same, and 








138 





Discussion 

Exercise 1 relates the matching 
trains to addition and develops the 
idea of average. During your dis- 
cussion, emphasize how the strips 
of the same length can be used to 
replace an equal number of unlike 
strips to build a train of the same 
length. Explain that the number 
corresponding to the strip which 
can replace the unlike strips is the 
average of that set of numbers. Em- 
phasize that the word average re- 
fers to that number which can be 
substituted for each addend in an 
addition problem and still give the 
same sum. Observe with the chil- 
dren that in some cases there is no 


[3] one train has strips not all the same ? 





2. Give the averages you found 
for your matching trains. 
Answers will vary. 


3. Can you show with your 
strips that 3 is the average 
of 5, 4,2, and 1? 


Match four 3-strips with a train 
made of one 5-strip, one 4-strip, 
one Z-strip, and one |-strip. 


Discussing the Ideas 


1. How are these two equations 
like the trains above ? 
fa] 3-2 a2 
44+44+4=12 


See Discussion. 








whole number that can be substi- 
tuted for a given set of addends 
which will give the same sum. 

For example, if they start with 
strips 4, 7, and 2, they will not find 
three strips of equal length which 
would form a matching train. This 
is because 13 is not evenly divisi- 
ble by any whole number; the aver- 
age in this case, then, involves the 
idea of fractions. You need not 
elaborate on this point, however, 
because most of the exercises given 
to the children at this time involve 
only whole-number averages. 


tor 5 igation. 








Note: Question I en eppeer incorrectly 
The correct Using the Ideas 


* 7. 


in the studen 
form is given here. 


. Find the sums. Then find the average of the addends. 
pd6+94+124+5+4 8 = m4o38 
e 20+ 32 +35 = y 81,29 

F 634+ 754+ 47+27=p 


a 12+ 8=r 20,10 
B3+8+4=n15,5 
ec 5+9+10+4=t28,7 


. Complete the sentences. Then find the pt ae 
a 10 find the average of 4, 5, and 9, divide __ 

B 10 find the average of 6, 10, 13, and 3, ann 
c To find the average of 55 and 29, divide __ 


Give the missing numbers. 


a The average of 5, 7, and 12 is iii. 
Bs The average of 4, 12, 7, 9, 13, and 3 is |iil|S 


The bar graph shows the heights 
in centimetres of 6 children. 


Find the average height Se 
of these children.149«m 151 
150 


Jan is 3834 days old. Fran 149 
is 4015 days old. Nan is 3923 148 
days old. Find the average 


age (in days) of the 3 girls. 145 
3924 days 144 


. This graph shows how 


far some boys threw a 
softball. Find the 
average distance. §3 = 


non GU MOTTICHONIOO | Hugonacon Doneonnndon 


25 


a Find the average weight (to the nearest whole number) 


j j Answers will 
of the children in your class. Answers will vary from 


B Find their average height in centimetres. 


More practice, page A-11, Set 27 


Using the Exercises 


Have the children do the exercises 
on page 139 independently. We 
leave it to your discretion to decide 
when the children should general- 
ize the rule for finding averages. 
Many children will discover the 
rule as they work through exercises 
1, 2, and 3. You will want to pro- 
vide most children ample opportu- 
nity to make the correct discovery 
on their own. After they complete 
exercise 3, however, it might be 
helpful to have children generalize 
in their own words the rule for find- 


ing averages. 





Height in centimetres 


212, 53 
= 18,6 
oat 4.32.8 
me) iy S __.84,2,42 








Kay Jane John Emily Paul Bob 











| 
45 50 55 60 metres 
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Assignments (page 139) 


Minimum: 1-4. Average: 1-6. 


Maximum: 1-7. 





Follow-up 

Encourage the children to work 
on starred exercise 7 as a group 
or class project. They might also 
study other data, such as average 
age (in days); average daily atten- 
dance for a week; average pulse 
rates for boys, for girls, and for 
the whole class before, during, and 
after exercise; average breathing 
rate; average body temperature; 
and so on. Linking practice to some 
problem of current interest to the 
children can provide motivation 
that might otherwise be lacking. 


Resources for Active Learning 

Developmental Math Cards 1713, 
Addison-Wesley. 

Freedom to Learn, “Statistics,” 
p. 148, Addison-Wesley. 

Mathematics in Modules, S2, S8, 
Addison-Wesley. 

Mathex: Graphing and Probability 
No. 6, ““Averages,” pupil pages 
34-37, Encyclopaedia Britan- 
nica Publications Ltd. 

Nuffield Project: Probability and 
Statistics, “Simple Average,” 
pp. 38-45, Wiley. 


Duplicator Masters, page 29 
Workbook, page 42 
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PAGES 140-141 
Objective 

Given a division problem with a 
single-digit divisor, the child will 
be able to find the quotient by us- 
ing a shortcut method. 


Preparation 

To prepare for this lesson, give chil- 
dren practice in finding averages of 
three or four single-digit numbers 
whose sum is related to one of the 
basic facts. For example, ask them 
to find the average of each group of 
numbers below. 


3,4,5 (12+3=4) 
7;9,.55 (208 = 7) 

12,8,9,7 (36+4=9) 
2,6,5,7 (200+4=5) 


Such an oral activity would review 
not only the concept of finding av- 
erages but also some basic division 
facts. 


Discussion 

To benefit fully from this discus- 
sion section, the children should 
work along on their papers as the 
steps are discussed. Note that the 
second shortcut encourages chil- 
dren to think first of dividing the 
number represented by the first or 
the first two digits of the number 
being divided. Thus, for 8) 2915, 
they are encouraged to think of 
first dividing 8)29, then dividing 
8)51, and finally 8)35. Besides 
this slightly different way of think- 
ing, the second shortcut also in- 
troduces the technique of short 
division. You might use the follow- 
ing chalkboard illustration as you 
work through this shortcut. 


140 


find this quotient: 


Long Way 


Step 1 





140 





1. Instead of writing this, write this 


| 3 
7) 2394 7) 2394 
2100 2100 


2. Instead of writing this, write this 


34 
7) 2394 7) 2394 
2100 300 2100 
294 294 
280 280 


3. Instead of writing this, write uss 


342 
7) 2394 7) 2394 
2100 300 2100 
294 294 
280 40 280 
14 14 


Ve cai we) 14 








®@ Can we shorten the work in dividing? 


Discussing the Ideas 


Study the steps in the example below. Use the same steps to 





4)1815 453 R3 


1st Shortcut 








The second shortcut applies the 
child’s ability to think in the man- 
ner developed in the first shortcut. 
The key to the short-division tech- 
niques is found in the three ‘think 
clouds”’ for dividing hundreds, tens, 
and ones. The rest of the material 
is intended to help the children see 
how this convenient shortcut is re- 
lated to the long method they have 
used previously. 

Work through the problem 
4) 1815 similarly, and present other 
examples as needed. 








2nd Shortcut 









1. Find each quotient and remainder. 











2. Find the quotients and remainders. 
726 RO 





3. The table gives weights of 
8 children. Find the average 
weight of the children37 kg 


4. Here are the distances 
for 6 boys in the 
standing broad jump: 

165 centimetres 
140 centimetres 
185 centimetres 
161 centimetres 
145 centimetres 
180 centimetres 
173 centimetres 
170 centimetres 
Find the average length 

. of the jumps./¢ 5 6 

i (Actua |ly lots em) 

. More practice, page A-11, Set 22 


Using the Exercises 
On page 141, children should work 
some parts of exercise | by the 
long method and some by one of 
the short methods. Encourage them 
to use short division for exercise 
2. You might work through some 

of the problems together. 

Frequent reference to the long 
method, where the estimates are 
written at the side, will help the 
; children understand not only the 
basic working of the algorithm 
but also such integral problems as 
| zeros in the quotient. You will 
want to emphasize parts G, H, J, 
_ and O of exercise 2 since there are 

zeros in the quotient. 


744 ayaa 

ae Ba erp oe he 

n 6)33.—__ > 6)3366 Hil 
5B R2 537 RO 

2 9)42 —_+- 8)4296 ss 


515 RO 463 R5 








594 608 RO 487R 6 te) 
c 8)47,562 « 3)1824 Kk 5)2437 o 4)2603 

722 RO 3906 R6 TIA R 9363R5 
-p 9)6498 H 8)31,254 it 7)5000 Pp 6)56,213 











Using the Ideas 










R4 6 
——— 7)6776 
R2 32 
9)2943 
R3 641 RO 
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Assignments (page 141) 
Minimum: 1A-E, 2A-H. 
Average: 1A-C, 2A-L, 3. 
Maximum: 1-4. 


Follow-up 

If children enjoyed the riddle in 
the Think problem, encourage them 
to make up similar riddles of their 
own. Their riddles may follow the 
given pattern closely or they may 
be more original. 


A fine trio, it’s true. 
Consecutive numbers, too. 
Our sum is seventy-two. 
The rest is up to you. 

(23, 24, 25) 


Duplicator Masters, pages 30-31 


Workbook, page 43 
Skill Masters, pages 30-31 
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PAGES 142-143 


Bhipefne se Short Stories 

Given division problems and re- 
lated data, the child will be able to 688 tractors. 
solve them by using division with 8 on each flatcar. 


single-digit divisors and by applying How many flatcars ? 86 


their understanding of averages. 





9 52 weeks — 1 year. 
&, 19 years. 


. How many weeks ? 988 
Preparation 


Your preparation period might well 


= 4 pitchers fill 1 jug. 2344 pitchers. How many jugs ? 586 
centre on a review of the short-di- 





vision algorithm covered in the last A 9 tiles cover 1 square metre. te (APOGEE 
lesson. Much of the work on these Se 6615 tiles. How many square metres ? 7135 
two pages involves using the algo- Stele 

ite. 


rithm for single-digit divisors. 
Therefore, if the children are pro- 
ficient in using the division algo- 
rithm, they will be able to work 
most of these problems readily. 


Apogee (farthest distance from earth), 3304 kilometres. 
Perigee (closest distance from earth), 554 kilometres. 

a What is the difference in these distances ?2750 kw 

sp What is the average of these distances ?1929 km 


Satellite makes 867 orbits. 9 Ww 
orbits each day. How many full <7 dy © of 
days ? How many extra orbits ? w 
96 full days; 3 extra orbits 
¥) Car wheel. 
ra \ 7 One revolution —> 2 metres 
How many revolutions for 1 kilometre ? 500 





eens 7 6 wheels on a truck. 35 958 wheels. 


How many trucks ?5993 


Relay team —- 4 runners. 112 runners. How many teams ?28 


Drove 3 hours. Average speed, 104 km/h. Then drove 3 
more hours. Average speed, 88 km/h. Travelled bey ae 


m 
0 Neon sign blinks 7 times [2 Satellite into orbit. 
each minute. Speed, 8 km per second. 
a How many blinks in an hour?420 « How many km per hour ? © 


B How many blinks in a 24-hour day ? 8 How many km per day ? 
142 lOC8O — =A, 28 BOOkm B. Il 2Z00Km 





Discussion 

Before assigning the problems on 
pages 142 and 143, allow discus- 
sion of the material at the top of 
page 143. Observe the various 
symbols for the planets. (Note, 
however, that the children are not 
expected to memorize these sym- 
bols or the names of the planets.) 
As we have frequently noted, this 
type of lesson can play a significant 
role in arousing children’s interest 
in arithmetic and its application in Assignments (page 142) 


other areas. Minimum: Odd-numbered _prob- 
lems. 
Average: Even-numbered prob- 
lems. 


Maximum: All. 


142 












The Planets 
(©) Sun 


. dy “MO: 
is 


Te si ails ae he 


| | omy 

b | 4 R ¥ Ge * 8 
The relative sizes of the nine planets are shown above. The ancient 
symbols shown below the names of the planets are still used by many 
astronomers to represent these planets. The word “‘planet’’ comes 
from a Greek word meaning ‘‘wanderer.”’ Can you explain why a word 


with this meaning was used ? 















1. The average distances of the planets 
from the sun are given in the table. 





A How much farther from the sun Mercury 
is Mars than Earth ?78 mithon ke Haig 

B Which planet is about 100 times Mars 
as far from the sun as Mercury? Pluto Jupiter 

c Is the distance of Neptune from esa 
the sun more or less than four Neptune 
times the distance of Jupiter from Pluto 


the sun ? How much more or less ? 
1388 million km more 


2. The diameters of the four planets closest to the 
sun are given beside the symbols for the planets. | 





Find the average diameter of Ree eiplanets a | Diameter | 
mor mm 
8 4866 km Orr? 106 bee O 6760 km ® 12 742 km 
* 3. Find the average diameter in kilometres of the four gargest planets. 
87 097 Yakm or 87098 km 
‘Y 45 430 © 46 940 k 116440 4% 139 580 
143 














Using the Exercises 
Have the children do the problems 
on both pages and when they have 
finished, allow time for further dis- 
cussion and checking papers. 
Some children may be helped 
by writing a division equation or 
a multiplication equation with a 
missing factor for any problems on 
page 142 which may have caused 
difficulty. Also, note that the terms 
apogee and perigee in problem 5 
may need further elaboration. 


Assignments (page 143) 


Minimum: 1. Average: 1-2. 


: Maximum: 1-3. 


Follow-up 

Other space facts like those pro- 
vided in this lesson might give 
children the incentive to write and 
solve problems of their own. For 
example, the weight of something 
is an indication of the pull of grav- 
ity on it. The pull of gravity on 
Earth is about 6 times that on the 
moon. This means that a boy who 
weighs 48 kilograms on Earth would 
weigh only 8 kilograms on the 
moon. This information could pro- 
vide the basis for such problems as 
these: 


1. About how much would a sack of 
cement weigh on the moon if it 
weighs 54 kilograms on Earth? 

2. By Earth standards, would a wom- 
an be overweight if she weighed 28 
kilograms on the moon? Why? 

3. Suppose the Earth weights of three 
scientific instruments were as shown 
below. About how much would each 
of these weigh on the moon? 

(a) 81 kilograms 
(b) 16 kilograms 
(c) 426 kilograms 

4. About how much would you weigh 
on the moon? 

5. If you could high jump 150 centi- 
metres on Earth, about how high 
might you be able to jump on the 
moon? 


Resources for Active Learning 

Measure and Find Out, Book 3, 
‘“‘Here Come the Planets,” Ac- 
tivity 1/10, Scott Foresman. 
(Available from Gage Educational 
Publishing) 


Workbook, page 44 
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PAGES 144-145 
Objective 

Given division exercises involv- 
ing a divisor that is a 2-digit mul- 
tiple of ten, the child will be able 
to estimate and find the quotient. 


Preparation 

It would be suitable to provide 
practice with inequalities which in- 
volve multiples of ten. For exam- 
ple, you might write the following 
on the chalkboard, and have the 
children respond true or false for 
each. 


6 X 40 > 328 (F) 
10X30, O52} 
50 x 5 > 241 (T) 
40 x 80 < 3074 (F) 
6 X 30 > 211 (F) 
80 x 70 > 5420 (T) 


Discussion 

Observe with the children that in 
this lesson they are again study- 
ing how inequalities can be used 
to help estimate quotients. The es- 
timations should help children ar- 
rive at the correct quotients on 
their first guess. Though it is not es- 
sential that children make the best 
estimate on their first guess, the 
ability to do so will greatly increase 
their computational efficiency. 

In exercises 2 and 5, point out 
that on the left we show what we 
are thinking about and on the right 
we show how this should be writ- 
ten. 


144 


17 


7 





79 
40)3168 


368 
360 <- 9 x 40 
8 


144 








It would be helpful to work 
through other examples similar to 
40) 3168. For example, illustrate 
90) 6389: 


90 x 70 < 6389 
90 x 80 > 6389 


Think: 
70 We can sub- 
90) 6389 tract 70 
6300 < 70 X 90 nineties 
89 from 6389. 
0 <-0x90 #£Wecan sub- 
89 tract 0 
nineties 
from 89. 


2800 <70 x 40 





® Let’s divide with multiples of ten. 


Discussing the Ideas 


1. To find the quotient for 30)287, we find the greatest number 
of thirties that can be subtracted from 287. 


a. 30 < 287 
x 30 > 287 


The quotient must be 


between _ ?__and__?__. 9, |O 
6 RIé 


2. Study the example. Then try this one: 40)256 


30V287 ) 


Think: 


We can subtract 


270 <9 x 30 YQ thirties from 287. 


The quotient is 9. 
The remainder is 17. 





3. To find the quotient for 40)3168, we find the greatest 
number of forties that can be subtracted from 3168. 
a Can you subtract 10 forties ? Yes 
s Can you subtract 100 forties ?NO 


x 40 < 3168 
x 40 > 3168 


The quotient must be 
between __?__ and__? _.70, 80 
35 R45 


5. Study the example. Then try this one on your own: 60)2145 


Think: 


We can subtract 70 
forties from 3168. 
Then we can subtract 368 

9 more forties. 360 9) 
The quotient is 79. 8 

The remainder is 8. 


40)3168 
2800 





The quotient is 70. The remainder 
is 89. 
Write: 
70 R89 
90) 6389 
6300 


89 


As you work through such an ex- 
ample, stress the relationship be- 
tween the type of division here 
and division using only a 1-digit 
divisor. 





Using the Ideas 





1. Find the largest whole number that will make the inequality 
Bre Then find the quotient and remainder. 
9R 


5RI7 

A hn x 30 < 287 —> 30)287 E é x 60 < 317 —> 60)317 
GR2L5 %6 9RIT 

s ax 70<371 —> 70)371 F k x 20<197 —> 20)197 
_ 5RIB 6 6R23 

c b x 40 <213 —» 40)273 c f x 90 < 563 — 90)563 
BRIO 9 9RI4 

D 2 x 80 < 650 — 80)650 ua s x 30< 284 — 30) 284 


2. From the set {10, 20, 30, . . .}, find the largest number 
that will make the inequality true. Then find the quotient 
Ns Ait as 
TIRBi* BG 82ZRiI 
A s. x 40 < 3168 —40)3168 & px 50 < 4111 —>50)4111 
22R58 42 R3I 
B i: x 60 < 1378 —60)1378 F q x 70 < 2971 —>70)2971 


4ZR36 ___93R36 
c va x 80 < 3396 —-80)3396 « x 90 < 8406 —> 90)8406 


33RIB 19 \4R17 
> ax 30< 1008 —-30)1008 ur x 20<297 —+20)297 







3. Find the quotients and remainders. | 
SRIO GR36 6R7} 
a 20)130 s 40)276 c 30)187 








7R23 4R29 

p 70)513 & 60)269 fF 50)420 | 
32R6 62R20 25” 
| ¢ 20)646 ua 40)2500 1 pedo 
—94RGO -92R20, TH 

J 80)7580 Kk 40)3700 L 70)4970 
TTR 98RI4 8’ 





m 50)3863 n 90)8834 o 50)2507 ' 


Sample answer: 4,12,15 
More practice, page A-12, Set 23 145 











Using the Exercises 

Assign the exercises on page 145 
as independent work, but observe 
and help those children who still 
have difficulty. Note that the quo- 
tients in exercise 1 will be single- 
digit answers. In exercise 2, make 
sure children realize that their esti- 
mates should be multiples of 10, 
and the quotients should be 2-digit 
quotients. 

When children try the Think 
problem, if they realize that ten 
is one factor of the product 720, 
they should have little difficulty Assignments (page 145) 


choosing 8, 9, and 10 as their three Minimum: 1A-D, 2A-D, 3A-C. Duplicator Masters, page 32 
consecutive numbers. Average: 1A-D, 2A-D, 3A-I. Workbook, page 45 
Maximum: 1-3. Skill Masters, page 32 
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PAGES 146-147 
Objective 

Given a division problem with a 
2-digit divisor, the child will be able 
to estimate the quotient by round- 
ing the divisor to the nearest multi- 
ple of ten. 


Preparation 

To prepare for this lesson, briefly 
review rounding numbers to the 
nearest multiple of 10. For exam- 
ple, list several 2-digit numerals on 
the chalkboard and ask children to 
give the nearest multiple of ten for 
each. Remind them of the guide: if 
the numeral ends in 1, 2, 3, or 4, 
round down; if it ends in 5, 6, 7, 
8, or 9, round up. 


146 


6RO 
a 81)486 


7TR45 
bp 65)500 


146 








Discussion 
Work through page 146 very care- 
fully as a class activity. Note in 
particular that in exercise 1 the es- 
timation gives a quotient that is 
just right. In exercise 2, the round- 
ing of 63 to 60 gives an estimate 
that is too large. That is, when con- 
sidering 60) 368 or 6) 36, we arrive 
at the quotient 6. Of course, a quick 
test will show that 6 X 63 is actual- 
ly greater than 368; hence, we must 
select 5 as the quotient. In exer- 
cise 3, we observe that rounding 
35 up to 40 gives an estimate of the 
quotient as 5, and this, of course, is 
too small. 

Following a discussion of the 


1. To find the quotient for 52)378, thin 
a What is the largest number that 
will make the sentence true ? 7 
B Explain how the dividing is completed 
when you use the number found 
in exercise 1a. Pubtract the 


2. To find the quotient for 63)368, thin 
a What is the largest number that 
will make the sentence true ?6 
sp Why is the number you Ute Gis in peo: 
2a not the correct quotient? 2 Oxleors) > 368 
c Explain how to choose the correct 


quotient and complete the dividing. 
See Discussion. 


3. To find the quotient for 35)218, think ——~( ? x 
a What is the largest number that will hp 
make the sentence true ? 5 
s Multiply the divisor by the number 
you found in exercise 3a; then 
subtract. Is the remainder less 
than the divisor ? No 


c Explain how the dividing is completed. 


Subtract 1x35 from remainder 43. 
The quotient is 6 with remainder 8. 


@ Let's explore 2-digit divisors. 


Discussing the Ideas 


pe roduct 7x52 from 
dividend. The Feeds i is7 
betters remainder \4. 





4. Find the quotients and remainders. 
Be ready to éxplain your work. 


TRA 
B 59)420 


3RE7 
e 74)289 


three examples shown here, con- 
tinue the discussion by exhibiting 
on the chalkboard the problems 
for exercise 4. Have the children 
make their estimates and observe 
with them whether the estimate 
comes out just right, too large, or 
too small. Keep in mind again that 
one of the most important objec- 
tives of this lesson is to help the 
children see that rounding up or 
rounding down may give them a 
first guess that is not the best guess. 
Point out to the children that if their 
quotient is too large, they must 
erase and start over, but if it is too 
small they can continue as shown 
in exercise 3. 


eaya68 
315 
53 


k (x 60< 878) 


7 
52)378 
364 

14 


@ 


_ 






Using the Ideas 


1. Copy the two inequalities with the correct number pair. 
Then find the quotient and remainder. 











es 


a Wx 35 < 218 eee ES 52379 Rt 
eee : % > 52)378 





oy 
, 


ioe) 





x 52 > 378 


s & x 61 < 327 —~> R22 5 Mx 49 < 368 R25 
a: erekaap ool 1322 t do ceagg 7) 388 







c (8) x 43 < 371 oe tg Mx 2 S695 ae EES 
3 dine oe yj Mine aie : ype ee ae 

p (6 x 37 < 223 nae! on Mx 89 < 555 ae ie 
a: AVE). ones 4 7eo.> beer 





2. Find the largest whole number that will make the inequality 
true. Then find the quotient and remainder. 









e 
an x29 < 178. —> 29 





Bp X61 < 253 —> 61 





BE Ge aoe 137) 49 





ied aXe39r< 2260/39 
8 
—eEnx 51< 423 — 51 


Perec o.- (173. ->..19 
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Using the Exercises 

Before assigning the exercises on 
page 147, emphasize for the chil- 
dren that the “think cloud” and 
the recommended rounding of the 
divisor is only an aid in finding the 
correct number pair. In each case, 
they must find two products to be 
sure that they have found the cor- 
rect number pair. In exercise IA, 
a child should think 5 x 40 < 218. 
Then, since 6 X 40 > 218, it is 
tempting to use the number pair 5, 
6 for the answer to exercise 1A. 
However, upon careful observation 
and actual computation of the two 
products, the child will discover 
that both 5 x 35 < 218 and6 xX 35< 


218. In other words, for the num- 
ber pair 5, 6 the first inequality is 
true, but the second is not. From 
this, the child should see that the 
number pair 6, 7 is the correct 
answer. 


Assignments (page 147) 
Minimum: 1A-D, 2A-C. 
Average: 1A-D, 2. 
Maximum: 1-2. 


Workbook, page 46 
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PAGES 148-149 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Review with the children any top- 
ics from the chapter with which 
they may have had special difficul- 
ty, such as finding averages, or 
time, rate, and distance. Since a 
considerable amount of the chap- 
ter is devoted to division, you will 
probably want to spend most of the 
period reviewing this. 


148 

















1. Find the sums. 
aA 594 B 976 c 898 p 9864 
637 86 407 387 
+868 +368 +600 +98 
2099 1430 “1905 10345 
2. Find the differences. 
a 6007 B 5009 ec 65070 pd 6508 
— 4387 — 4923 — 1487 — 2346 
1620 86 (583 4162 
3. Find the total amounts. 
a $2.79 B $12.50 c $0.69 p $2.84 
1.39 25.40 1.58 9.76 
$4.16 $36.25 $2.27 8.41 
$2701 
4. Find the products. 
a 76 B 3/2 (oe tee! p 15,365 
xg x6 x 47 x 29 
684 2232 2726 445565 
5. Find the quotients and remainders. 
__46 RO __e@RIS 87 RO 
a 9)414 c 30)195 E 50)4350 
__ B86RI ___9RO 67 RIO 
B 4)345 p 21)189 F 70)4700 





—e 8765 
3479 


+2698 
TF O42 


e 6000 
—1374 
4626 


E $18.95 
23.50 


11.66 
$Sa17 


—E 8734 


x 263 
2297042 


BRIT 

c 69)569 
967 RO 

H 7)6769 
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Ais. 





Discussion 

Have the children do the exercises. 
You may suggest to some children 
that they do only part of exercises 
1-5, since there is a considerable 
amount of work here. 

In exercise 8, the children are 
expected first to find the average 
number of points scored by each 
team during the six games (72 and 
68) and then to find the average 
number of points scored per game 
by both teams, 140. 

Children who finish quickly 
should attempt the Think problem. 

When the children have finished 
the exercises, allow time for dis- 
cussion and checking papers. You 


will find that all the children will 
benefit from a discussion of the 
Think problem. Give those who 
successfully completed the prob- 
lem an opportunity to explain why 
the suggested shortcut for finding 
the sum works. Some children may 
say that the ‘“‘centre” date of the 
nine dates chosen will always be 
one week and one day after the 
smallest date chosen. Therefore, 
they are really finding the average 
by adding 8 to the number given. 
Then, multiplying this average by 
9, they get the sum of the nine 
dates. Be prepared for several dif- 
ferent approaches to the question 
of why this method works. 


6. The bar graph shows Tom’s 100 
scores on 5 spelling tests. 95 
Give his average score.9| 90 
. The population of the city of 85 
Winnipeg was 246 246 in 80 
1971. The population of 75 
Winnipeg’s Metropolitan area 59,1 
was 540 262. Mon. Tues. 


10. 


Tas 


4 
. The Eagles played the Stars 


a Was the metropolitan pop- 
ulation more than twice 
the population of the city ? ves 
B How many more than twice 


the population of the city ? 
7770 


in 6 basketball games during 

the season. Here is a record 

of the scores. Give the average 

number of points scored per 

game by the Eagles andbythe Eagles: 72 
f Stars ‘G8 

Stars. Give the average number 


of points scored per game. 
Average per game: |40 
There are 52 weeks in one year. A rabbit 


is considered fairly old when it has lived 
312 weeks. How many years is this? G 


A package of 24 sheets of paper is called 

1 quire of paper. If you buy 212 sheets of 
paper, how many quires have you bought? 9 
How many extra sheets ? 20 


About 168 hours after a specially fed grub worm 
spins a cocoon about itself, a queen bee is formed 
inside the cocoon. How many days is this ?7 








Bele 








Follow-up 

More capable or interested chil- 
dren can be encouraged to organize 
data into a graphic framework as 
well as to interpret and analyze data 
presented on a graph. Suitable 
types of data might include velocity 
and acceleration rates, space and 
satellite materials, physical data 
about members of the class, and 
the outcomes obtained from prob- 
ability experiments such as tossing 
coins or colored dice. Your current 
class work might also provide many 
pertinent ideas. 


Workbook, page 47 
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PAGES 150-151 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 














Preparation 1. Find the sums. 
Provide the children with a review aA 29 B 865 c 5764 pd 2463 
of any of the material in the text 87 976 987 12 
with which they may have had dif- 96 493 8368 9432 
ficulty. Since it has been some time 4 976 476 1621 
since the children have worked +32 +487 +98 +8464 
; bikogis uo 298 3197 15 693 1S 152 
with the long multiplication algo- 2. Find the sums, products, or differences. 
rithm, you might wish to centre pele, 8 635 2 807 5 5869 
much of your preparation activities +643 x31 _499 BA 
on work with 3-digit multipliers. 1630 19685 ~ 308 BIS9Z6 
We suggest that you present on the B 8003 —e 6597 H ©6385 k 8309 
chalkboard exercises similar to 2C _—69 +9886 x 267 — 2847 
1934 16 485 102795 5462 
aude 2 naeeg? 0 pand saver c 8596 r 4020 1 6000 1 6517 
children explain each step as they x 233 =—1976 — 3986 x 436 
work through the problem. 2 002 868 ~ 2044 ~ 2014 2 B4l 412 


3. Solve the equations. 


a (54-9) +9=y54b (90—d)+13=9018 « (7x4) +r=74 
p (91—7)+m=917 © (320+ 24) —n =320%4n (6x c) +8=68 
c (107+6)—6=bo7r (9x 6)+6=p9 1 (56 +8) x 8=tse 





4. Find the area and perimeter of each region. 


a A= 1728, B= 168 aa p A= (237, P=204 





150 







36 | 





Discussion 

Have the children do the exercises. 
When they have finished, allow 
time for checking papers and pre- 
sentation of some of the exercises 
on the chalkboard. You should 
allow some of the children to ex- 
plain their thinking in arriving at 
the areas and perimeters for exer- 
cise 4 on page 150. 


26 


20 









School Ecology Club. Collected 1840 aluminum cans. 
One cent for every 2 cans. How much money ?49.20 





30 students. Collected 840 kilograms 2 
of newspapers for recycling. 


How many kilograms per person ? Beg 
28 — 


Aluminum cans: 96 kilograms. 
10¢ a kilogram. How many dollars’ worth ? $9.¢0 


City: 25 000 people. 2 kilograms 
garbage per person each day. How 
many tonnes of garbage each day ? 50 





La Used newspapers: 
No) 40¢ for 50 kilograms. Estimated world population. 
How much for one tonne ? Today: 4 billion people. 
$8.00 Year 2000: 2 billion more than 
today. How many people in 2000 ? 
S billion 

Provincial Parks in Canada. 
} 1964: 227 320 square kilometres. 

1971: 246 530 square kilometres. 


How much more space in 1971 ? 
(9 2\0 kw 


World population in 1925: 
2 billion. Today: 4 billion. 
How many years for 
population to double ? 


Answer depends on 
Current year. 


City population: 750 000. 
Cost of new sewage equipment: 


$300 per person. Total cost ? 
$225 000 000 


-Pollution in the atmosphere each year. Cars: 86 million 
] tonnes. Factories: 43 million tonnes. Heating and burning: 
13 million tonnes. How many tonnes in all ? 








14Z million 
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Using the Exercises 

An important point of the exer- 
cises on page 151 is to give the 
children an opportunity to discuss 
the theme of the lesson in some de- 
tail. You may find that these ecol- 
ogy problems will spark enough 
interest in your children to warrant 
further study and, possibly, will 
suggest special projects related to 
ecology and the state of our en- 
vironment. 


Follow-up 

As a conclusion to this chapter, 
you might prepare a duplicator 
worksheet of reconstruction prob- 
lems for the four basic operations. 
Below are sample problems of this 
kind. 













Complete the following problems. 


I 7 Ul III7 6 M7 4 
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CHAPTER 7 Dividing 


Pages 152-169 


General Objectives 


To extend skills involving division 
to problems with 2-digit divisors 
and quotients 


To develop skill in estimating quo- 
tients when the divisors are 2- 
digit numerals 


To apply understanding of the divi- 

sion algorithm to word problems 
This chapter should be considered 
a continuation of Chapter 6. After 
some applications of the skills stud- 
ied in Chapter 6, estimation ideas 
are extended to include divisors 
and quotients between 10 and 100. 
The traditional long division algo- 
rithm is presented as a shortcut of 
the method developed previously. 
Finally, after exploring problems 
with larger quotients and with 
amounts of money, the chapter 
concludes with the usual chapter 
and cumulative reviews. 


Teaching the Chapter 


Materials 


Watches with second hands 


Vocabulary 

distance speed 
odometer speedometer 
pedometer time 

rate 


Since this chapter extends devel- 
opment of basic algorithmic skills, 
few of the investigations require 
concrete materials. Many of the 
lessons are appropriate for group 
study, and the content also lends 
itself to chalkboard demonstrations 
conducted either by you or by 
some of the children. 


Lesson Schedule 


The suggested time allotment for 
this chapter is two weeks. This 
should be flexible, however, de- 
pending upon the speed with which 
children can extend their under- 
standing of division to use of larger 
quotients and the shortcut method. 
More capable children may adapt 
quickly to these ideas and need less 
time for this development. 


Evaluation of Progress 


Note that our general approach to 
the division algorithm centres on 
an understanding of the ideas and 
on work with numbers rather than 
on quotient figures. We therefore 
urge you to permit considerable 
flexibility in the way the children 
work with these algorithms, es- 
pecially the division algorithm. For 
example, some of the less able chil- 
dren may have mastered some of 
the simpler ideas of the division al- 


gorithm in terms of making guesses 
for the quotient and subtracting 
certain multiples of the divisor 
until they find a remainder that is 
less than the divisor, and then 
adding their estimates to get the 
final quotient. It is better that they 
be allowed to continue to use this 
method than that they be forced 
into a shortcut which they are un- 
likely to understand. The shortcut 
is primarily for the children who 
are capable of using it with under- 
standing; it should not be treated 
as something to be memorized by 
all the children. 


Resources for Active Learning 
GENERAL ACTIVITIES 


Freedom to Learn, “Time,” p. 82; 
“Time and Speed,” pp. 134-139, 
Addison-Wesley 

Developmental Math Cards, J?9, 
K44, Addison-Wesley [Games] 

Modern Math Games ..., pp. 55- 
56, Fearon [Multiplication and 
division puzzles] (Available from 
Clarke, Irwin) 


MANIPULATIVE DEVICES 


Pedometer and compass (Edmund 
Scientific; Math Media) 

Stopwatch (Creative Playthings; 
Edmund Scientific) 


TISIA 


PAGES 152-153 


Objective 

Given time, rate, and distance 
problems, the child will be able to 
find the time when given the rate 
and distance, the rate when given 
time and distance, and the distance 
when given the time and rate. 


Preparation 
Materials 
stopwatches second hands (if avail - 
able) 
To lead into the investigation, 
ask the children what they know 
about these terms: 


speedometer (indicates speed of 
travel) 

odometer (measures distance trav- 
elled by a vehicle) 

pedometer (records distance trav- 
elled by a person walking, by re- 
sponding to his body motion at 
each step) 


Investigation 

Have the children work in groups 
of three, four, or five, but, before 
they begin, discuss the procedures 
to be used. For example, if timing 
instruments are not available, chil- 
dren will have to decide on another 
method for counting seconds. You 
might teach them to count, ‘“‘one 
thousand one, one thousand two, 
one thousand three,” . . . up to one 
thousand ten, as a means of esti- 
mating 10 seconds. Make sure that 
each child in the group is given 
an opportunity to have his speed 
measured. 

After children have measured 
the number of metres they travel in 
10 seconds, they must try to figure 
their speed by studying the graph. 
Encourage them to figure out among 
themselves how to use the graph, 
but help any children who become 
confused. Since the one axis of the 
graph is marked in metres per 10 
seconds, they need simply find 
along this axis the number of me- 
tres they travelled in the 10 seconds 
and read from the graph their rate 
in kilometres per hour. Direct them 
to record the rate of each child in 
their group and for each activity 
they measured. 


b57Z. 


VA Dividing 





WALKING 











Discussion 

Have several children explain their 
rate of travel and how they found 
it from the graph. During this dis- 
cussion of the investigation and the 
exercises, use the terms time, rate, 
and distance appropriately. To 
show the relationships between 
rate, distance, and time, you might 
suggest a problem such as the fol- 
lowing: 


Tom’s rate of walking is 8 kilo- 
metres an hour. If he could walk at 
this rate for 3 hours, how far would 
he travel? 


After the children have worked 
through the problem, help them 


Can you use the graph to 
find your speed in 
kilometres per hour ? 





Note: The red dashed line 

shows that 45 metres in 10 
seconds is about 30 60 90 
16 kilometres per hour. 


Find intersection of Met 


® How fast do you travel? 


Investigating the Ideas 4”swers will vary. 


See Investigation. 


How far do you go in 10 seconds ? Measure one of these in metres. 
BICYCLING 


RUNNING 
2 


A pt 




















Kilometres per hour 














Discussing the Ideas 


1. If you know how many metres you travel in 10 seconds, 


how can you use the graph above to find your rate in km/h ? 
Then Find the “Kilometres nee heer ea re tae anee eae : 


A : iA} 
2. Explain how to use the information in the picture 
find the distance from city A to city B. 


Multiply the time travelled by the 
rote of travel: 2% 50 = 100 Km 


sguce for thet Goin 


Time (hours) 


0 09 
40 


30 


— ——Rate—o, /— (kilometres per hour) — 
Distance © tcc lis atin 
Lol ofo{ofot 
152 


reach the following generalization. 
distance = rate X time 
Similarly, you might suggest: 


Susie’s rate of travel is 7 kilo- 
metres an hour. How long will it 
take her to walk 28 kilometres? 


Again, after children solve the prob- 
lem, help them see that 


time = distance ~ rate. 


You might summarize these rules 
as shown below, but children should 
not be expected to memorize them. 


d=1xt red ai i — aes, 


Metres travelled in 10 seconds 


below to 


























Using the Ideas 





In the exercises the time is the number of hours that have passed 
from the time the trip started until the end of the trip. The rate 

is the number of kilometres travelled per hour. The distance is the 
number of kilometres from where the trip started to where it ended. 
Give the time (tf), rate (r), and distance (qd), for each trip. 


Start Finish 


-Time YQ t= il 
r= iil 

t=3h = 
pawe>(2)t=3> ¢ = il 


d=|BOkm 
OLSTTOPY- distance > POET 


— Time 4) t = lll 
r= iil 

t=4h ge 
nae >(¢)t=+h @ = il 


d=2280 km 


(0f0f0f0f [- Distance >(ofo[2(8{0( | 


2. 







4 t= ill 


1. 7-3 / 
\ = r= iii 
ea VK 
Rate > Os. 
d= 60 km 


>> 


D\t=3h = 
r= 50 kmfn il 
d=|50 Km 


ofo(1{5{0| 




















- 
















2 


4h d= Il 
a=236 wa 


(0(0{2(3(6{_ 




















(0{0(0(0(0| 
ie 


— Distance > 
t = lil 
r = Ill 


ote heli Il 
_S r= 54 Km/n 


d=\62 km 


(OLOLO{O(OL | — Distance > (Of0[1(6(2| 


* 
bee 


Time -¥) t= il 
r= il 
a t=9n = 
Rate G) con d= il 
ad=756 Km 
OLSAS- distance + OTEBEE 
153 












Using the Exercises 

It would be helpful to use a few of 
the problems on page 153 asa basis 
for discussion. Children may rely 
on the generalizations developed in 
the discussion section, or they may 
simply work through each problem 
logically. Note that, in the starred 
exercise, the odometer on the left 
has a reading other than all zeros; 
you may need to point out to the 
children that they will have to sub- 
tract in order to find the distance. 


Assignments (page 153) 
Minimum: 1-4. Average: 1-6. 
Maximum: 1-8. 


— se 


Resources for Active Learning 


Applied Mathematics Cards, 
“Time—The Stop. Watch,” 
Group 1/17: “Time...,” Group 
2/12, 13, Schofield and Sims. 


(Available from Mafex Associates, 
Willowdale) 

Maths Mini-lab, Cards 94-96, Se- 
lective Educational Equipment. 
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PAGES 154-155 
Objectives 

Given problems involving time, 
rate, and distance, the child will be 
able to write equations and solve 
the problems. 

Given incomplete pairs of in- 
equalities involving 2-digit factors, 
the child will be able to use estima- 
tion and choose a pair of multiples 
of ten to complete the inequalities. 


Preparation 

Depending on the children’s needs 
and abilities, review either the rela- 
tionships among time, distance, and 
rate or the procedure of using esti- 
mation to complete inequalities. 


154 





Finding Time, Rate or Distanee 


Write equations for exercises 1 through 6. Solve 
each equation to find the time, rate, or distance. 


1. The first successful gas-powered car 
was a three-wheeler built in 1886 by 
Carl Benz. It went 84 kilometres in six 
hours. How fast did it go 26446 & 14 Km/» 





2. The winner of a bicycle race travelled 272 km 
in 8 hours. What was his average speed ? 
272.48 = 34 km/n 
3. The Queen Elizabeth was one of the largest 
passenger ocean liners ever built. She 
travelled about 51 km/h. How far 


could the Queen Elizabeth travel in a day ? 
51% 24 = 1224 km 








4. How many hours would it take the 
Queen Elizabeth to travel 408 km 
at the rate of 51 km per hour ? 

408+ S15 Bh 


5. The longest straight railroad 
in the world is in Australia. 
This railroad is 524 kilometres long. 
If a train could average 131 km/h, 
how long would it take to cover 
this distance ?524 = (3\=4h 





6. If a train travelled the 524 km in 7 
hours, about what was the average 
speed ? 52427= 74% or about 75 km/ 

* 7. During his historic flight across the . 
Atlantic Ocean, Charles A. Lindbergh 
flew his plane 5812 km in 33 hours. 


About what was his average rate ? 
BSiI2s 332 I76E or about 176Km/n 
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Discussion arithmetic; therefore, encourage 
Unless children need particular work with related topics. 
help, assign the exercises on page 

154 as independent work. These 

exercises are an extension of the 

previous lesson and are not related 

to the exercises on page 155. When 

children finish the problems, allow 

time for discussion and checking 

papers. Some interesting statistics 

and other information are given 

on this page, and the children may 

show considerable interest in dis- 

cussing some of these ideas. You 

should keep in mind during such a 

discussion that one of the impor- Assignments (page 154) 

tant goals of such a lesson is to Minimum: 1-4. Average: 1-6. 


- stimulate the children’s interest in Maximum: 1-7. 


Let’s practice estimation. 


These exercises will help you find quotients in division problems 





such as 62)2689. 


1. Give the number pair for each gray space. Some estimation hints are 
given to help you find the number pair for exercises a through c. 
Multiply to be sure you have selected the correct number pair. 


Pairs: Bi 


> 


a 


A 


moo wow 


a: 62 < 2689 





x 62 > 2689 
(Answer: 40, 50) 


g* 31 < 2000 
x 31 > 2000 


x 45 < 3760 
a. 45 > 3760 


x 36 < 3476 
z x 36 > 3476 


n x 62 < 2689 4oF 
n x 59 < 5874006 
n x 31 < 2000¢cnH 
n x 78 < 5160¢o1 
n x 48 < 3760705 


. From the set{10, 20, 30, 40, 50, 60, 
70, 80, 90}, find the largest number 
that will make each sentence true. 








x 47 < 2734 


x 47 > 2734 


a’ 59 < 3874 
mx 59 > 3874 


a 67 < 3642 
x 67 > 3642 


a: 92 < 6986 


x 92 > 6986 








}, 
y, 


y x 63 < 5538. ge 


y x 29 < 2600 go | AS 


VX 1S "1307 Fo 
y x 66 < 6004 90 


y x 42 < 1837 40 os 





Using the Exercises 

The exercises on page 155 deal 
with a concept which will be fur- 
ther developed in the next lesson. 
The estimation process here is sim- 
ply a development of the same con- 
cept treated earlier when only one 
factor had two digits. It would 
be helpful to read the material at 
the top of the page with the chil- 
dren, pointing out that the “cloud” 
suggests the rounding process used 
in estimating quotients. 

The solution of the Think prob- 
lem requires finding the number 
halfway between 8 and 52. Some 
children may find the average; some 
may use a model, or illustration, 





c max 65 
a. 65 > 5160 


F B* 28 < 2689 
x 28 > 2689 


1 x 81 < 7438 
a. 81 > 7438 


L wax 74 < 4835 
e x 74 > 4835 


a. 
. 


TSS 





and trial and error; and others may 
subtract 8 from 52 and add half of 
the difference (in this case 22) to 8. 
The many possible approaches 
make discussion of the problem 
worthwhile for the whole class. 


Assignments (page 155) 
Minimum: 1A-F, 2A-E. 
Average: 1A-I, 2A-G. 
Maximum: 1-2. 


Resources for Active Learning 

Measure and Find Out, Book 2, 
“Your Heart is a Clock,” and 
‘“‘A Breath-taking Exercise,” Ac- 
tivities 2/5, 6, Scott Foresman. 
(Available from Gage Educational 
Publishing) 

Developmental Math Cards, H46, 
J?7, J210, Addison-Wesley. [Sim- 
ple rate problems] 
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PAGES 156-157 
Objective 

Given division problems involv- 
ing 2-digit divisors and quotients, 
the child will be able to find the 
quotients by estimating and using 
the long method. 


Preparation 

To prepare for this lesson, review 
some inequalities similar to those in 
exercise 2 on the previous page. 
Ask children to give the largest mul- 
tiple of ten which will make the in- 
equality true for examples such as: 


nX 74 < 3421 (40) 
n X31 < 2256 (70) 
n X 64 < 5720 (80) 


Discussion 

The important point in this lesson 
is that the rounding process can be 
used as an aid in finding the proper 
quotient. This process, however, 
sometimes results in an estimate 
that is too large or too small, and 
children must learn how to proceed 
in finding the answer to such a 
problem. 

Carefully work through the 
development in exercises 1-3. 
You might help the children work 
through the problems suggested 
in each exercise for independent 
work and provide additional exam- 
ples also. For example, the prob- 
lem in exercise 3D might be treated 
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e@ Let’s explore divisors and quotients 
between 10 and 100. 


Discussing the Ideas 


1. To find the quotient for 62)2689, think, —— 


a What is the largest multiple of 10 that 
will make the inequality true ? 40 








sp Explain how you can complete the eit oie 
dividing when you wae? Be Usa ies 909 
f Subtrac om the olividend ° 
found in part sna then find te neve area 186 

c Try this one on your own: 61)2878 “eer: a3 


47 RII 


2. Sometimes your estimate may be too large. 


a What is the largest multiple of 10 
that will make the inequality true ? 70 





8 Whyis this multiple of 10 not 84) 5796 
correct for the quotient ?70 x (g0+4) >5796 — 5040 
c Explain how to choose the correct ae 
multiple of 10 and complete the ae. 
dividing. 
__48 R58 
p Try this one on your own: 64)3130 





3. Sometimes your estimate may be too small. 


a What is the largest multiple of 10 


that will make the inequality true ?50 75) 4668 ~ 

B Why is that multiple of ten not — 4500 
correct for the quotient ?2<cw4§¢, it is. not the 168 
that can be ucts hee uege ae —150 


c Explain how to complete sand dividing, 7D 


j __60R 80 
bp Try thisone on your own: 86)5240 





as follows: Because children will not ordi- 
86) 5240 Think: ? X 90 < 5240 narily learn to divide simply by 


studying the printed page, it is 
essential that you give carefully 
guided practice and have them work 
through several examples both at 


4300 60 Try 50 
940 


Since another multiple of ten may 


now be used, it is obvious that 50 
was too small; hence, the children 
may erase and write 60, multiply- 
ing 60 X 86, or they may continue 
by subtracting 10 x 86. 


60 R 80 60 R 80 
86) 5240 or 86) 5240 
4300 5160 
940 80 
860 
80 0 


their seats and at the chalkboard. 
These examples and discussions 
are intended only as models for 
such guided practice. 





Using the Ideas 


1. In each exercise, find the missing tens’ digit in the quotient. 





32 38 3iil1 5 ill 
a 9)288 B 7)266 c 28)868 p 41)2173 
7 lO _2 16 . 4 Ih 5 iil2 
— 32)2240 F 17)442 « 53)2226 H 71)3692 
3ill3 6 IO 2 iS 1 m5 
1 48)1584 3 82)5658 K 25)625 L 69)1035 
2 6 5 iil eil2 TIE) 


m 94)2444 n 88)4400 o 76)4712 p 55)5445 


2. Find we poauents and remainders. Check your work. 


ee o8R 554 R22 94 R3 

A 8)236 | B 39)337 Cc ea eee p 62)5831 
met 135" R45 329 RI 

E 19)158 5 F 60)500 G 80)605 H 7)2304 
Bon ST _- 59 R20 __7942 Ri __8R 

1 38)1420 s 50)2970 k 6)47,653 Lt 44)387 
39 RE 96 RI4 85 RG BR 

m 75)2986 n 70)6734 o 86)7316 p 40)327 


— 90 'R\3 
a 35)3163 


~ 25 181 R33 
R 54)4731 


e213 RA 
s 98)7685 





__ 4810 AT 
1 9)43,297 


3. Solve the equations. 
aA 272 +8 =n 324 
B 2940 — 60=n4o9 v 182 += 26=n 7 


c 2881 = 43 =ne7 © 3276 +7 =Nn468 
F 53,487+9=n 








5943 
* 4. Find the divisor for each exercise. The quotient is given. 
5° "9 24 30 29ni72 33 39 
a I|ll)225 B Ill)720 


c Il)2175 pd {ll)1287 


%* 5. For each exercise, find one 
number that can serve as 
both quotient and divisor. 


; Give the digit that 





ee 9 dio should go in the |i. 9 
a lil)25 B il)81 The *'s are for other digits 
; that you need not find. 
10 Ill 10 30__lil3s0 } 
c [ll)100 p Iil)900 
More practice, page A-12, Set 24 doy 








Using the Exercises 

On page 157, explain representa- 
tive problems from exercises | and 
2 before you have the children do 
the exercises. You may choose to 
assign only part of exercise 2 to 
the slower children, inasmuch as 
there is a considerable amount of 
work on this page. 

The children who complete the 
page early should also find the 
Think problem quite challenging. 
Be sure to give them an opportu- 
nity to explain the reasoning they 
use in attempting to solve these 
problems. 


Resources for Active Learning 
Mathematics in Modules, WN21, 


Assignments (page 157) Addison-Wesley. 


Minimum: 1A-H, 2A-H. 

Average: 1A-L, 2A-L, 3. Duplicator Masters, page 33 
Maximum: alternate parts of 1-2; Workbook, page 48 

3-5. Skill Masters, page 33 
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PAGES 158-159 
Objective 

Given word problems involving 
division, the child will be able to 
solve the problems by applying his 
understanding of division with 2- 
digit divisors. 
Preparation 
Depending on the children’s ability 
and needs, you might review the 
division algorithm as presented in 
the previous lesson, or you might 
arouse interest in the problems by 
talking about transportation and 
similar areas of interest. 


Discussion 

Although the problems on page 
158 are intended to be worked 
independently, some groups of 
children will need guidance in 
working through them. If your dis- 
cussion takes place as the children 
work or after they have worked 
independently, have volunteers ex- 
hibit on the chalkboard the solu- 
tions and algorithms used for sever- 
al problems. It would be helpful to 
review the terms time, rate, and 
distance as you discuss this page. 
Since one of the main purposes of 
these problems is to provide prac- 
tice with the division algorithm with 
2-digit divisors, you should stress 
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Solving Story Problems 





1. A large ocean liner averages 
about 55 km/h. About how 
many hours would it take 
this ship to travel 2970 km ? 

54h 


2. An express train averages 
120 kilometres per hour. 
About how long would a 
1380-kilometre trip take ? 





HAA 


3. If acar travels at an average 
speed of 72 km/h, 
how long would it take to go 
705 kilometres? 94} 


4. A large jet airliner travels 
2792 km in 3 hours. About 
how far does it fly in 1 hour ? 

About 931 km 
158 


. How far would an ocean liner 


Travel 


travel in 78 hours if it 


averages 49 kilometres per hour ? 
3822 km 


. Suppose a freight train averages 


about 42 kilometres per hour. 
About how long would it take 


the train to go 1794 kilometres ? 
About 43h 


. Aman drove 616 km ata 


speed of 88 km/h and 480 

km at a speed of 96 km/h. 

How far did the man drive ? 
How long did ittake? /094 km 


. Acaptain wants his ship to go 


3612 km in 3 days and 14 
hrs. How fast (how many km per 
hour) should he plan to travel ? 


42 Km/h 


ee 


both the estimation skills and the 
procedure of the algorithm appro- 
priate for each problem. 

The answers to exercises 4 and 6 
are approximate. Starred exercise 7 
is simply a problem of combining 
distances for the first question and 
totalling the two separate times for 
the second question. Exercise 8 
should present no special difficulty 
for capable children once they re- 
alize that they should figure out 
how many hours in 3 days; the 
problem then becomes rate = 3612 
— 86, and the answer is given in 
kilometres per hour. 


Assignments (page 158) 


Minimum: 1-4. Average: 1-6. 
Maximum: 1-8. 


Follow-up 
More capable children may be in- 
terested in extending these prob- 
lems about travel and speeds to sat- 
|  ellites and planets. Provide them 
| with data such as that below or give 
| them source materials for research, 
such as What's Up There? (pre- 
pared by the National Aeronautics 
and Space Administration, and 
available from the Superintendent 
of Documents, U.S. Government 
Printing Office, Washington, D.C., 
20402). 





Space Facts 









1. The moon travels about 12 100 000 
kilometres in its 28-day orbit of earth. 
To the nearest thousand kilometres, 
what is its approximate speed in 
(a) kilometres per day? 


nb pidieiaae 


1. Ifa jet plane flies 4044 - 4. In 1910 an airplane flying at an 





altitude of 1800 metres would have 
been close to the record altitude. 


kilometres in 4 hours, 
how fast is it travelling ? 





if 

it 

: LOW hen/y In 1960, 34 200 metres was close (b) kilometres per hour? 

f ‘ ; to record altitude. How many 2. TIROS | (short for Television Infra- 
4 2. If ajet plane carried 98 times higher could airplanes Red Observation Satellite) orbited 
| es passengers on each flight, how fly in 1960 than in 1910 ?\9 through about 45 000 kilometres of 
ih many flights would it take to space every 99 minutes. Estimate its 
: transport 3430 passengersfrom 5. A‘’747"’ jetairliner measures 59 m average speed per minute. 

i; Toronto to Chicago ? 35 50 cm from one wing tip to the other. 3. 2 pM X had a wegie (pote eee 
i: a Give in centimetres the wing ee : sth Pa 
Ih SN al cae dios a ict Olane oe of # 747 ; 5950 em : farthest from earth) of 299 000 kilo- 
i Y Lge € smallest airplane has a wing metres. What is the average of these 


fate eam 


a 


a ee 


ny 


a 


= 


a 








travelling 2576 kilometres per 
hour is going very fast. In 1904 
the Wright brothers flew a plane at 
a top speed of about 56 kilometres 
per hour. How many times 

faster is the jet than the plane 
flown by the Wright brothers ?4¢ 


span of 2m 15cm. Give the 
wing span in centimetres.215 om 
Use centimetres to calculate the 
number of the small airplanes 
that could fit within the wing 
span (wing tip to wing tip) 

of the 747 jet airliner. 


27 Guith 145 em of wing span as remainder) 
Gee Using the Exercises) 159 


Using the Exercises 

Assign the problems on page 159 
as independent work. However, it 
would be helpful to ask for volun- 
teers to work some solutions on 
the chalkboard. You might also 
use problems such as 3 and 4 to 
observe that some of the informa- 
tion given is not needed in finding 
the answers. Remind the children 
how important it is to read the 
questions carefully so that they 
are not confused by superfiuous 
data. 

You may want to call children’s 
attention to the fact that im exer- 
cise SC the answer should be given 
simply as a whole number (27). 


Although there is a remainder 
when 5950 is divided by 215, the 
problem concerns the greatest 
number of the small planes that 
could fit within the wing span of 
the large plane, so the remainder 
is irrelevant in this context. 


Assignments (page 159) 
Minimum: 1-3. Average: 1-4. 
Maximum: 1-5. 


two distances? 

4. The perigee of the moon’s orbit 
about earth is 356 743 kilometres, 
while its apogee is 406 140 kilome- 
tres. What is the average distance of 
the moon from earth? 


Duplicator Masters, page 34 
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PAGES 160-161 
Objective 

Given a division problem involv- 
ing 2-digit divisors and quotients, 
the child will be able to find the 
quotient by estimating and using a 
shortcut method. 


© Let’s shorten the work in dividing. 


Discussing the Ideas 
See Discussion. 


1. The example in the box shows 
a shortcut for dividing. The 
method you have been using 
is shown for comparison. 

a Explain the estimation nee 
part 1 of the shortcut. 475 

B Explain part 1 of the 
shortcut. Suistrcet fron 187. 

c Explain the estimation in 

Think: 

part 2 of the shortcut. 453,- 

p Explain part 2 of the 


Multiply 7x42 and 
shortcut. subtract from 3i5. 


See Discussion. 

2. In this example, if you use 
22 ~ 3 to get your estimate, 
your first quotient figure 
will be too small. 

a Explain what you must 
do in each method when 
your first estimate is 
too small. 

s Explain the estimation 
in part 3 of the 
shortcut. Think: 32 

c Explain part 3 of the 


shortcut. Multiply 4x26 
and Subtract from \28. 


Preparation 

To prepare for this lesson, you 
might give the children a few long 
division problems and work through 
them as illustrated on page 160. Or 
you may prefer to keep the prepa- 
ration oral and review rounding 
numbers between 10 and 100. 





3. Sometimes your first estimate may be too large. 
You might estimate 6 for this problem: 64)3776 Cnodee sifalter 
a What must you do when your first estimate is too large ? number. 


160 


160 





Discussion 
It is essential in this lesson that 
children understand the basic long 
division process as it has been pre- 
sented in previous lessons. They 
should understand that their chief 
task in this lesson is to learn a 
shortcut method (the division algo- 
rithm) for finding the correct quo- 
tient. Therefore, one of the impor- 
tant points to stress is the relation 
of the shortcut method to the longer 
method they have been using. As 
you work through the examples, 
encourage children to verbalize 
this relationship at every step. 
Another important point is that 
children should estimate how many 


B Use the shortcut to complete the dividing. 


643176 
320 


BB 


—— 





digits their quotient will have be- 
fore they actually work out the 
problem. The material in the text 
is designed to help children make 
such estimates. Once children learn 
to place the quotient (1, 2, or 3 
digits), the problem becomes in 
effect a series of divisions involv- 
ing a 2-digit divisor and a 1-digit 
quotient. For instance, in exercise 
1, we estimate the quotient by 
thinking 4) 15 rather than 40) 157. 
Also, we know the quotient must 
have two digits because 10 X 42 < 
1575 and 100 x 42 > 1575S. 

Note that the response for exer- 
cises 2A and 3A is simply, “Erase 
and start over.” 




















ey 


att es ae 


alien ena 


. Use the heavy black numerals to help you estimate 


. For each of the examples above, tell whether the quotient 


. Find the peebonts and remainders. Use the shortcut. 


. Find the quotients and remainders. Use any method 





More practice, page A-13, Set 25 


Using the Ideas 


the first quotient figure for each exercise below. 








S 
A 52)209 B 39)245 c 23)11 p 45)1760 
4 3 4 5 
E 88)4148 F 42)1575 Gc 65)28 293 H 73)38 574 


is between 0 and 10, 10 and 100, or 100 and 1000. 
A 0-10; B 0-10; T O-10; D 10-100; 
E 10-100; F 10-100; G 100-1000 ; H |OO—|000 


RO __96RO __23RO 49 RO he 
A 39)1723 B gee c ees, D han tei. E 18)96 


34RO ORI sae 
F 27)918 «4 63/4665 i H 44)2812 1 | 65)5146 J 89)8265 





you choose. Check your work. 
47Ril ___28RO ___47R22 83RO 
a 61)2878 B 39)1092 pron c 64)3030 p 19)1577 


63 R46 
e 58)3700 F 47y987— 


——_S8R 
G Shae 


RIO —__GORO 
H Beare 


Using the Exercises 
You may choose to work through 
several of the exercises on page 
161 together with the children. Be 
sure the children note the boldface 
numerals, which are intended to 
help them make estimates and 
place the first digit of the quotient 
in the correct position. 

Continue to relate the shortcut 
method to the familiar longer 
method. Also, do not force any 
child to use the shortcut method if 
he feels more comfortable with the 
longer method. 


Assignments (page 161) 
Minimum: 1-2, oral; 3A-E. 
Average: 1-2, oral; 3. 
Maximum: |-2, oral; 3-4. 





Follow-up 

Most children would benefit from 
further practice with the shortcut 
method, so you might prepare a 
worksheet similar to the one below. 


Fill in the missing steps in each 
problem: 


@ 


Duplicator Masters, page 35 
Workbook, page 49 
Skill Masters, page 35 
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PAGES 162-163 
Objective 

Given a division problem involv- 
ing a 2-digit divisor and a 3-digit 
quotient, the child will be able to 
find the quotient by estimating and 
using a shortcut method. 


Preparation 

The best preparation for this lesson 
is an understanding of the shortcut 
presented in the previous lesson. 
Here again, however, we stress 
that use of the shortcut is not 
absolutely essential to the working 
of these problems. The children can 
continue to work with the earlier 
methods. Rather than writing quo- 
tient figures, they can write their 
estimates down the side and sub- 
tract multiples of the divisor. How- 
ever, with these larger quotients, 
the children will find that the short- 
cut method reduces their work 
considerably. You may also find 
that many of the children will begin 
to appreciate the shortcut now that 
they are working with larger quo- 
tients in this lesson. 





1 tony 


Think: 7322 


Think: 716 


Think: 726 


324 R& 


Think: 4712 


Multipl 
p Explain 


Think: 4716 


304 RO 
162 


Discussion 
Work through discussion exercise 
1, a step at a time. You might 


observe with the children that 
in part 2 we “bring down” the 
6 in the second step simply by 
thinking about subtracting 0 from 
6. We then think ““How many sev- 
ens in 16?” in order to determine 
our second quotient figure, that is, 
the number of tens in the quotient. 
When we arrive at the number 2, 
we continue the problem. Along 
with the shortcut method illustrated 
here, you could easily show the 
parallel method of writing the num- 
bers at the side. For example, the 
long method would show 300, then 


Discussing the Ideas 


Can you show that the quotient 
for 69)22 364 is less than 1000 
and greater than 100 ? 

1000 X69 >22 364 ;100x69< 22 364 
Bs Explain how to estimate the number [2] 


of hundreds in the quotient. 


c Explain step 1. 
Multiply 3X69 and subtract the product from 223. 
p Explain how to estimate the 


number of tens in the quotient. 


e Explain step 2. 
Multiply 2X69 and subtract the product from \wo" 
F Explain how to estimate the 


number of ones in the quotient. 


ec Explain step 3. 
Multiply 4X69 and eubtract the product from 284. 
H What are the quotient and the remainder ? 


Can you show that the quotient i 
for 42)12 768 is less than 1000 
and greater than 100 ? 


1000 X427 12 768; 100 X42 12 768 
Bs Explain how to estimate the number 


of hundreds in the quotient. [z] 


c Explain step 1. 
3X42 and subtract the product from 
ow you can tell that 


there are O tens in the quotient. 
No 42's can be subtracted from \é. 
—E Explain how to estimate the number [3] 


of ones in the quotient. 
F Explain step 3. 


Multiply 4 X42 and subtract the product from ies. 
ec What ate the quotient and the remainder ? 


@ Let's explore /arger quotients. 


a 2 


[3] 


#2) 





LQ 


20, then 4 written at the side with 
the numbers subtracted, including 
all the zeros. 

Work through exercise 2 similar- 
ly, stressing the place value in order 
to help the. children see why they 
write zero in the quotient in certain 
places. It would be helpful to work 
through a third example which has 
zero at the end of the quotient. For 
example: 


260 R17 


48) 12497 
96 
289 
288 


ae | 








6) 22364 


GI) 22364 





@ig)i2768 


WH)12768 





Using the Ideas 


1. Study the first two steps 
in this example. Then copy 
the problem and see if you 
can complete it. Notice that 
the quotient is more than 
100 and less than 1000. 


2. Find the quotients and remainders. 
Check your work. 
234 RO 114 RO 231 RO 561 RO 
51)11 934 32)3648 64)147 
Be, ihegee = coy eg Lee gar 392187 
62)22 630 65)40 764 75)41 625 
SEGMieeGelC ts theTHON Ne ote nO tee Rae 
1 78)30342 s 89)61143 «x 56)47376 1. 27)5237 


























3. Find the quotients and remainders. Check your work. 





105 RIO 402 RO 540 RO 746 RO 
A 31)3265 B 52)20904 _ c 69)37260_ ob 83)61 918 
207 Rit 800 R35 & RO 20 RIe5 


Ee 35)7256 F 46)36 835 * eG 231)1848 *%& H 342)7005 


4. a There are 28 children ina 
class. The sum of all their 
spelling scores is 2436. 
Find the average score. 87 


B There are 3084 washers in 
a box. If 2 dozen washers are 
put into each package, how 
many packages will there be 7128 
How many extra washers ?12 





More practice, page A-13, Set 26 











Using the Exercises 
On page 163, it would be helpful 
to work through exercise 1 with 
the children. Help them realize that 
they are working with a 3-digit 
quotient and that when they reach 
the final step, they cannot subtract 
any seventy-nines from 37. Thus, 
there are zero ones in the quotient. 

Assign the remaining exercises 
as independent work, or you may 
prefer that some children work 
together. 

Encourage interested children to 
try the Think problem, with the 


caution that it is quite challenging. Assignments (page 163) ——————__ Duplicator Masters, page 36 
Minimum: 1, 2A-H. Average: 1, Workbook, page 50 
2A-H, 3A-D. Maximum: All. Skill Masters, page 36 
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PAGES 164-165 
Objective 

Given multiplication and division 
problems which include dollar-and- 
cent notation, the child will be able 
to solve the problems by using the 
multiplication and division algo- 
rithms. 


Preparation 

To prepare for this lesson, you 
might work through a division prob- 
lem with the usual division algo- 
rithm and then check it by using the 
multiplication algorithm (and add- 
ing the remainder). Such a prepa- 
ration should review both algo- 
rithms which the children will use 
in this lesson. 


Investigation 
As indicated in the text, the chil- 
dren need no materials for this 
investigation. Direct the children 
to figure out each answer mentally 
and to be ready to give a reason for 
their choice. As with previous esti- 
mation problems they should round 
the amounts given as the cost of the 
items so that they can think in dol- 
lars rather than dollars and cents. 
To do this, children must under- 
stand the dollar-and-cent notation 
and apply their skill in estimating. 
Encourage them to work inde- 
pendently and give only minimum 
guidance. If necessary, lead chil- 
dren to independent thinking by 
asking guiding questions. 
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Vv 
$3.49 





Discussion 

Discussion exercise | is intended 
to stimulate conversation about 
the investigation. Stress that dollar- 
and-cent notation can be rounded 
to dollars simply by following the 
same principles of rounding which 
the children have been using. 

One of the most important objec- 
tives of exercises 2 and 3 is to help 
children realize that they are mul- 
tiplying and dividing not money, 
but numbers. For example, exer- 
cise 2 shows that they are to think 
of $3.49 as 349 pennies, and, 
hence, simply think of multiplying 
the number 349 by 6. They arrive 
at the answer 2094, and then re- 


$3.98 each 


Aa $20 
Terry 


Can Terry buy five records ? Yes 


Can Jose buy one baseball ? Ye: 


© How can multiplication and division 


Investigating the Ideas 


6 for $28.50 


$5 


Discussing the Ideas 


1. How did your pecid a your answers to the Investigatio 
questions ? ee 


.98< $4.00and 4x5=20,50 $3.98x5< 


be used to solve problems about money? 






Jose 


NO pencil — NO paper 
See Investigation. 





20. 


K: Sigeareaond and 30+6=5,80 28.50=6< $5. 


v 
349 cents 3 


Te we 2, 
2094 


ome 


465 cents 


oO 





convert this to dollar notation. 
(They observe that the 94 is the 
number of cents and 20 is the num- 
ber of dollars.) 


2: Pie the flow chart ea eS 6 x $3.49.See Discussion. 





v 
$20.94 


3. ama the flow chart below. for $4.65 = 3.5 See Discussion. 

















Follow-up 

It would be appropriate to have 
children write several money prob- 
lems of their own, solve them, and 
then exchange them with their 


Using the Ideas 


1. Find the answers to these money problems. 
A $2.53 B $5.13 c $0.56 pv $0.87 E $3.62 











xe x27 x4 x 54 x 435 classmates. For this purpose, sup- 
$17.71 $138.51 $2.24 $4698 __ $1574.10 ply advertisements and catalogues 
F $5.64 c $8.00 H $36.50 1 $36.98 3 $0.95 to help children use realistic prices 
x 65 x 98 mee x 32 x 98 in their problems. Also, make sure 
$366.60 - $784.00 $255.50 $1183.36 $93.10 | the children record the answers to 
K eet 5$.23 4 216 ei 2 $.24m 7)$6.234%.89 wn 4)$13.88423.47 ee saieesi oe make . that 
45.37 8.63 .0 others can check their work. 
o 6)$272.22  p 9)$77.67 a 80)84.00 R 60)825.80 : : 
$ @ $.25 $ .93 $.57 Resources for Active Learning 





s 39)$234 t 61)$15.25 vu 45)$41.85 v 36)§20.52 Math Activity Cards, “A Cook- 
out,” D47, Macmillan. 
2. Solve the problems. 
a Tom received $2.75 for each lawn he mowed. 
How much did he earn by mowing 8 lawns ? $22.00 
Jill bought a package of 6 handkerchiefs for $2.16. 
Find the cost of one of these handkerchiefs.$.ac 
c The price of a package of colored paper 
is shown in the picture. Jan bought 
8 packages. What was the total cost ?$5.20 
In exercise 2c, what change did Jan receive 
when she gave the clerk a $10 bill ?$4.80 
If 8 kilograms of nuts cost $3.92, find 
the cost of one kilogram of nuts.449 
F Mr. Jones bought a TV for $288.90. He paid the same amount 
each month for 9 months. How much was each payment ?$32.\0 
« One of the most expensive fabrics is a gold lace that costs 
$151.20 per metre (one metre long and 50 cm wide). 
Find the cost of 8 metres of this fabric. $1209.60 
w If 51 adult tickets were sold and $38.25 was collected, how 
much did each ticket cost ? $.75 
1 Which costs less per kilogram—an 8-kg package costing 
$3.92 or a 6-kg package costing $2.88 ? 


Duplicator Masters, page 37 
Workbook, page 51 
Skill Masters, page 37 





More practice, page A-14, Set 27 165 





Using the Exercises 

Before assigning the exercises on 

page 165, observe again with the 

children that they are working with 

numbers; thus, they think of a 

given problem involving money, 

convert this to an exercise involv- 

ing numbers, and then interpret 

their answer in terms of the usual 

dollar notation. After the prelim- 

inary discussion, have the children 

do the exercises. When they have 

finished, allow time for a discussion 

and checking papers. 
Assignments (page 165) 
Minimum: 1A-J, 2A-D. 
Average: 1A-N, 2A-F. 
Maximum: 1-2. 
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PAGES 166-167 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 





1. Choose the word that completes each sentence correctly. : 
a To estimate the quotient when the divisor ends in 1, 2, 3, or 4 
(such as 21, 42, 53, or 34), we usually use the closest i 
multiple of ten __ ? __ (greater than, less than) the divisor. 
B To estimate the quotient when the divisor ends in 5, 6, 7, 8, or 9 
(such as 45, 26, 87, or 19) we usually use the closest multiple 
of ten ___ ? __ (greater than, less than) the divisor. 


Preparation 

It would be helpful to review with 
the children the techniques devel- 
oped for estimating quotients. 
Stress the fact that estimating is 
helpful, but they should remember 
that, when rounding the divisors, 


they may or may not arrive at the 2. Find the quotients and remainders. Check your work. 
6 RO 33 4 R22 


best guess for the quotient. eG _ 4 __ 8RB2 2.03 Ri 
a 29)174 B 35)243 c 57)250 bp 33)296 —e 85)267 

5B R25 6 R20 __8RIS 4 Rg __9R} 
F 47)260 « 23)158 H 51)423 1 61)253 Js 29)266 

9 R26 6R2 ST ORE BRO 6B 
Kk 38)368 tL 86)51 m 24)223 n 75)600 o 65)565 


3. Solve the equations. 
a 301 =7=n43 c 3658 + 59 = ne2 E 7040 ~ 80 = n88 
B 1674 =~ 62 = n27 dp 1143 =9=n127 F 841 + 29 = n29 





4. Find the quotients and remainders. Check your work. 
127 Ri4 25 R27 


a 79)10047 pb 39)16 602 








422 R2) 959 R\I5 
B 71)29983 e& 43)41 252 
218 R36 693 RISB 








c 95)20746 F 84)58 225 


5. Find the answers to 
these money problems. 


a $1.79 B$0.84 c $2.68 
x3 x25 x19 
25.37 $21.00 £60.92 


p 6)81.14%19 ~~ &- 21) 87.35 *35 
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Discussion 

If you choose, use exercise 1 on 
page 166 as a discussion exercise. 
However, have the children try 
exercise 2 on their own. When 
they have finished, allow time for 
presentation of these exercises on 
the chalkboard and for explana- 
tion to the class. 

The explanation for the Think 
problem rests in the fact that add- 
ing 3 to the smallest of 7 consec- 
utive numbers is actually a short 
way to locate average. Then, all 
that remains to be done is to mul- 
tiply the average by the number of 
days to find the sum. 
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1. Solve the problems. Write an 
equation for each problem. 


a Aman used 24 /. of gasoline 
while travelling 336 km. What 
is the average number of km 
he can travel while using one 
litre of gasoline ? 336 + 2% = l4km~ 

B If aman wants to go 195 kilometres in 3 hours, 
about how fast should he drive ?\95 *3= 65 km/» 

c Ifa motor scooter travels about 36 kilometres per hour, 
about how long will it take to go 180 kilometres ? '\®9736= 5h 

p If Mr. Jones drives about 62 kilometres per hour, 
about how long will it take him to go 806 kilometres ? 806*62\3h 

e Ifatrain averaged 83 kilometres per hour and travelled 
498 kilometres, how many hours did it travel B3=6 bh 


2. Solve these money problems. 


a Mr. Ray bought 5 tires. Each tire cost $24.95. 


Find the total cost of the tires. *\24.75 


B Mr. Ito paid $93.96 for 4 tires. How much did each tire cost? *23.49 


¢ What i is the difference i in. the cost of Mr. Ray’s and Mr. Ito’s tires ? 
1.46 per tire, or total of $30.79 


3. Ona vacation trip the Williams family 
travelled these distances in a car. 
a What was the total distance 
for the five days ?!6BO km 
B What was the average distance 
the family travelled in a day 2336 Km 


c Mr. Williams bought a total of 420 litres of pacoince “at 
on the trip. How many kilometres for each litre ?4 km 





Using the Exercises 

You might encourage the children 
to form small groups and discuss 
the solutions for each of the prob- 
lems on page 167. Point out that 
they should first write an appropri- 
ate equation for each and then try 
to find the answer. When the chil- 
dren have finished, discuss at least 
a few parts of each problem. 


TRAVEL PR 











Resources for Active Learning 

Experiments in Mathematics, Stage 
3, “‘A Vehicle Survey,” pp. 16- 
17, Houghton Mifflin [Graph- 
ing] (Available from Thomas 
Nelson and Sons) 

Maths Mini-lab, Cards 58-61, Se- 
lective Educational Equipment. 
[ More travel problems | 





Workbook, page 52 


167 


PAGES 168-169 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented for cumulative review. 


Preparation 

If any topic or skill has seemed par- 
ticularly troublesome for the chil- 
dren, review it with them. Or, use 
material from page 169 to introduce 
this problem set. If possible, dis- 
play thermometers. Also, discuss 
what is meant by the terms boiling 
point and freezing point. 
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1. Find the products. 
a 10 x 10100 
B 30 x 10 300 


c 40 x 30 !200 
p 60 x 804800 


eE 40 x 40 !e00 
F 90 x 706300 


2. Give the number for n. 
B 58 346 = (58 x n) + (3 x 100) + (4 x 10) + 6!000 


3. Give the numbers for a and b. Then give the number for c. 


c 39 + 49 + 59 + 69220 


5. Give the missing * 6. Find the missing digits. 











numbers in the table. a iil6 B Sil705 
gis Oe —23 8 — 4 li uP 9 
ee T7000 
»o SWI4 c« WM WW 
—liZ73 illo —3658 
3004 3°39 
Settee 8 8 
« 72m 4 WOOW 
—~W6 64 =: Gad Gal 
3058 1 i i 1 
Z2Z4 





Discussion 

Assign the exercises on page 168 
as independent work. When the 
children have completed them, it 
would be helpful to discuss some 
parts of each exercise. Point out 
such things as the number of zeros 
in the factors and in the prod- 
ucts of exercise 1. In exercise 3, 
point out the applications of the 
distributive principle. Encourage 
children to discuss any problems 
which they found difficult. 


F 81 x 998000 i 


4800 
c 80 x 60 


oti St 3 Gao 
0 20 A a Gees a ee 


H 50 x 00 


a 6386 = (63 x n) + (8 x 10) + 6100 ¢ 6547 = (654 x n) + Tio 


6x4=b57 1 Ab pice 204 lee ee 

sp 50 x 6 =a-2° “) po 240+8=a— 
86 = bene 32'u'g Spe i ae ae 
4. Estimate the answers to these exercises. 500 
a 594 + 316 + 891 '800 p 48 x 311500 c 903 — 396 
B 5876 + 2946 9000 E 59 x 22 \200 H 198 x 204 


363 - 934 


30 
c Olli il 6 


—IP5 3 ills 
1768 


2'2n0 
F il8ih7 


=3 7 illo 
4828 


RV25 


— wwe uw? 


3478 


ey pole: ehh 8) irre 


= 


plete 


— A. 


ee en 


Follow-up 

Encourage those interested in page 
169 to pursue further study of ther- 
mometers. You might suggest that 
they find information about the 
Kelvin scale and its relationship to 
the scales studied here. 





TEMPERATURE 


One of the highest shade 


Feripernluves everreserdea Resources for Active Learning 


: Applied Mathematics Cards, “Mea- 
Meet se Tea suring Temperature,” Group 

; 2/26, Schofield and Sims. (Avail- 
able from Mafex Associates, 
Willowdale) 








1. a How many Celsius degrees greater is the boiling point of 
water than the freezing point ?/00°¢ 
sB How many Celsius degrees greater is the boiling point of 
water than the highest temperature recorded in shade ?4.5°¢ 
c How many Celsius degrees are there between the boiling 
points of water and alcohol ?25°¢ 





2. How would you write the temperature when it is seven 
degrees below zero ?=7°¢ 


3. Water at the top of a.certain high mountain boils at 88°C. How 
much less is the boiling point of water °C 


A . as 20 
at this height than it is at sea level 2/2°¢ y 


4. Here is a line graph that shows the Lb 
14 


temperature at each hour between 6 a.m. oat 
and noon. Study the graph and find the ae 
average of the hourly temperatures. /6° 6 7 8 9 10 1112 (noon) 





169 











Using the Exercises 

Accompany the study of the prob- 
lems on page 169 with discussion 
of the two common kinds of ther- 
mometers. It would also be helpful 
to discuss the flow chart which 
shows how a temperature given in 
one unit may be converted to the 
other. Help the children realize 
that every unit of the Fahrenheit 
is $ the unit of the Centigrade. The 
addition or subtraction of 32 results 
from the placement of the freezing 
point of water on the Fahrenheit 
scale at 32°F. and on the Centi- 
grade scale at 0° C. The flow chart 
works for this value also: 0°C. > 
(066 $)r432i-2032° Fy 
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CHAPTER 8 


Number Theory 


Pages 170-185 


General Objectives 


To provide experience in working 
with factors and multiples 

To introduce least common mul- 
tiple 

To introduce greatest common 
factor 

To provide work with prime num- 
bers 

To introduce formally the ideas of 
union and intersection of sets 

To provide experience in working 
with composite numbers 

To introduce the complete factor- 
ization of a composite number 


The first lesson of this chapter 
develops the concept of the set of 
factors of a number. Following this, 
factor trees are introduced to help 
the children find factors of a num- 
ber and to provide a way to write a 
composite number as a product of 
prime numbers. The concept of 
prime numbers is also reviewed 
through the use of factor trees. 
Union and intersection of sets are 
introduced as a tool for finding com- 
mon factors of two numbers and 
common multiples of numbers. The 
final pages of the chapter provide 
experiences with common factors, 
greatest common factor, common 
multiples, and least common multi- 
ple. A chapter review and cumu- 
lative review complete the chap- 
ter. 


Mathematics 


Consider the following definition. 


If a, b, and c are whole numbers 
such that a X c= b, thena andc 
are whole-number factors of b. 


With this definition, we are ready to 
define prime number. 


The set of prime numbers is the 
set of all whole numbers x such 
that x has exactly two factors. 
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Thus: 


2 is a prime number (factors: 2, 
1) 
3 is a prime number (factors: 3, 
1): 
5 is a prime number (factors: 5, 
1). 
7 is a prime number (factors: 7, 
1). 
11 is a prime number (factors: 
Paty: 
Note that: 
1 is not prime (factor: 1). 
6 is not prime (factors: 1, 2, 3, 
6). 
91 is not prime (factors: 1, 7, 13, 
91), 

Every number greater than | that 
is not prime is a product of one and 
only one collection of prime num- 
bers. Such numbers are called com- 
posite numbers. For example, 6 = 
2X3: 8=]22 2 oh ae 
100 =:2 X 2 x 5345 and-ssoron: 
Expressing a composite number as 
a product of primes is called the 
complete factorization of a number. 
The fact that each composite num- 
ber can be expressed (without 
regard to order) as a product of 
primes in exactly one way is 
called the Fundamental Theorem 
of Arithmetic. 

Closely connected to the idea of 
the factors of a number is the idea 
of the common factors of two num- 
bers and the greatest common fac- 
tor of two numbers. As far as its 
use in arithmetic is concerned, the 
most important application of great- 
est common factor is in changing 
fractions to lowest terms. That is, 
if we have a fraction which is not 
in lowest terms, we can change this 
fraction to lowest terms by dividing 
numerator and denominator by the 
greatest common factor of the two 
numbers. We define greatest com- 
mon factor simply as the largest 
number in the set of factors com- 
mon to both numbers. 


Consider the following definition 
of the multiples of a number. 


If a and b are whole numbers and 
c is the product of a and b, then 
c is said to be a multiple of a (and 
of b). 


Because zero is a multiple of every 
whole number, we generally omit 
the number zero in any listing of 
the multiples of a number. For this 
reason, when we speak of the least 
common multiple of two numbers, 
we mean the smallest number other 
than zero that is a multiple of both 
numbers. The concept of least com- 
mon multiple is valuable in the 
study of fractional numbers be- 
cause the least common multiple 
of two denominators is the least 
common denominator for two frac- 
tions, and we use a common de- 
nominator to find the sum of two 
fractional numbers. 

The following examples _illus- 
trate the way in which greatest 
common factor and least common 
multiple are used. Consider the 
fraction 39. Ten is the greatest com- 
mon factor of the two numbers, 20 
and 30, and by dividing both 20 
and 30 by 10, we change the frac- 
tion #5 to 3. Now, suppose we wish 
to add the numbers # and %. Since 
12 is the least common multiple of 
the numbers 4 and 6, we select 12 
as the common denominator, writ- 
ing } as 7 and % as #. Now we can 
add the numbers 7% and + to get 44, 
the sum of 3 and %. 


Teaching the Chapter 


Materials 


Centimetre ruler 

Colored chalk 

Colored strips 

String, one 30-cm piece per child 


Vocabulary 


common factor common multiple 


composite number least common 
factor multiple 
factor tree multiple 
greatestcommon prime factor 


factor prime number 
intersection union of two 
of two sets sets 


Most of the words in the vocab- 
ulary list represent ideas that play 
vital roles in the development of 
topics in this chapter. However, 
you need not stress mastery of the 
terms union and intersection of 
sets since these words will be re- 
viewed when the ideas are utilized 
later in the development of other 
topics. These terms are included in 
this vocabulary list because the in- 
tersection of two’ sets is useful in 
finding the common multiples or 
the common factors of two num- 
bers. 


Lesson Schedule 


Two weeks should be sufficient 
time for covering this chapter. Of 
course, as for other chapters, you 
will want to adjust your time sched- 
ule to the needs, abilities, and in- 
terests of your children. If you have 
an above-average group of children, 
you may be able to cover the chap- 
ter in less than two weeks; if your 
children are slower, you may need 
to spend as much as two-and-one- 
half weeks on it. Although the top- 
ics presented here provide helpful 
background for certain aspects of 
the work with fractions and frac- 


tional numbers that will follow, 
they are not absolutely indispens- 
able so we suggest that you avoid 
unduly extending your treatment of 
this chapter. 


Evaluation of Progress 


The children’s mastery of the top- 
ics in this chapter can be evaluated 
readily from their achievement on 
tests for skills in the following 
areas: determining whether a given 
number a is a factor of another 
number b; determining whether a 
number is prime; constructing a 
factor tree; and finding the greatest 
common factor of two numbers. 
However, you are urged not to base 
your entire evaluation on these me- 
chanical skills. You should pay 
particular attention, through day- 
to-day observation, to the chil- 
dren’s overall understanding and 
ability to reason through some of 
the ideas as they are introduced. As 
pointed out in the vocabulary sec- 
tion for this chapter, the concept of 
union and intersection of sets need 
not be mastered at this time; it 
will be introduced again in later 
work with fractions and fractional 
numbers. 

The chapter review and the cu- 
mulative review included on pages 
182 through 185 provide a range 
of problems that thoroughly covers 
the material taught up to this point. 
Use them either as progress tests 
or for review, as you prefer. 


Resources for Active Learning 


GENERAL REFERENCES 


A Cloudburst, Vol. 2, Nos. 2223, 
2313-2343, Midwest Publica- 
tions 

Experiments in Mathematics, 
Stage 1, ““A Multiplication Pat- 
tern,” pp. 56-57, Houghton 
Mifflin (Available from Thomas 
Nelson and Sons) 

Mathex: Numeration No. 7, “‘Sieve 
of Eratosthenes,” pp. 9-12 (pu- 
pil pages 6-8), Encyclopaedia 
Britannica Publications Ltd. 

Nuffield Project: Computation and 
Structure 3, “Factors and 
Primes,” pp. 67-69, Wiley 

Nuffield Project: Problems — Red 
Set, No. 2, Wiley 

MANIPULATIVE DEVICES 

Attribute Games and Problems 
(Selective Educational Equip- 
ment; Webster, McGraw-Hill) 

Dienes Logical Blocks (Herder and 
Herder) 

Geoboards (Addison-Wesley) 


COMMERCIAL GAMES 


Domino Number Games — Fac- 
tors and Multiples (Heath) 

On-Sets (Hammett; Nasco; Wff 
’N Proof) 

Operational Systems Games — 
Union and Intersection, Multi- 
ples and Divisors (Webster, 
McGraw-Hill) 

Prime Drag (Creative Publications) 

Ranko—white cards (Midwest 
Publications) 
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PAGES 170-171 


Objective 

Given a composite number less 
than 100, the child will be able to 
list the factors of the number. 


Preparation 


Materials 
colored strips 


To prepare for the lesson, it 
would be helpful to review the 
terms factor and product as you re- 
view basic multiplication facts. For 
example, you might provide an oral 
activity, saying: “If my two factors 
are 7 and 8, what’s my product?” 
Or: “If my product is 64 and one 
factor is 8, what is the other fac- 
tor?”’ As children become familiar 
with the activity, you might make 
it more brisk by saying simply: 
“Factors: 7 and 9” or “Product 
54, factor 6,” and expect chil- 
dren to respond with the appro- 
priate answer. 


Investigation 

In this investigation, children are 
to match sets of their strips with 
the 12-centimetre strip illustrated in 
the text. Before they begin, suggest 
that they record each “equals” train 
which they find. For example, the 
“equals” train illustrated might be 
recorded as 6 twos. Although chil- 
dren have no 12-strip in their set 
of strips, they can make one by com- 
bining the 10-strip and the 2-strip. 
However, suggest this only after 
children have had ample opportunity 
to work on their own. 
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‘SH Number Theory 


® What are the factors of a number? 





Investigating the Ideas 


The figure shows an “‘equals’”’ (all strips the same) train 
that matches a 12-centimetre strip. 










COCO OOOO 
eesetetceetatatctotetnicicnete’ 


SS 


x 
S 
ROOK KICKS KN 
XK KOS SSS SOS 


eeseatatatatetatatatateletetetetet 





Twelve \- strips 
(white) 


How many other “equals” trains that match | Fevers _ssrlvs 
the 12-centimetre strip can you find ? See wives 46s 


nvestigation. eee K 
Two 6-strips oo 
















Discussing the Ideas 


1. The figure above shows that 2 is a factor of 12. 


What other numbers did you find that are factors of 12 ? 
See Discussion. 
2. Can you use your strips to show that 5 is not 


a factor of 12 ? See Discussion. 


3. Study the figures below. 


Tee Ne Pe r re a eet -— 

Recast: { 8 isa factor of 48. || 

be th thos =) 6isa factor of 48. ig 

pay vi $ A rt F ue ss Yer y , 
i AS Pere Oe] Ee : 

find factors of anumber. || Ae. He 


SA SS > sere ‘(255s See SSeS 











Can you find any other factors of 48?) 2.4,\2,24,48 


= V2) 
4. Show that 4 is a factor of 48 by finding the quotient for 4) 48. 
What is another factor of 48 ? \2 


5. Show that 5 is not a whole number factor of 48 by finding the 


quotient for 5) 48 and by observing that the remainder is not zero. 
9R3 
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Discussion 
In exercise 1, as you discuss the 


investigation, have children list 
the strips which they were able to 
use in their ‘‘equals” trains. Make 
sure they include the 1-strip and 
explain how they might use a 12- 
strip if they had one. Thus, their 
list of factors of 12 should be 1, 2, 
3, 4, 6, and 12. As the children 
discuss exercise 2, they should 
observe that there are no trains 
of the 5-strips that can be formed 
to equal a 12-strip. They can dem- 
onstrate this by showing that a 
train of two 5-strips is less than a 
12-strip, while a train of three 
5-strips is greater than a 12-strip. 


As you discuss exercise 3, stress 
the fact that 1 and 48 are both fac- 
tors of 48, just as 1 and 12 are fac- 
tors of 12. Also, emphasize the test 
which can be used to determine 
whether or not one number is a fac- 
tor of another. If we get a quotient 
such that the divisor times the quo- 
tient is equal to the dividend, then 
the divisor is a factor of the divi- 
dend. On the other hand, if the di- 
visor times the quotient is not equal 
to the dividend (there is a remain- 
der other than zero), the divisor is 
not a factor of the dividend. 


. List all the factors 


. Give a number that is a factor 





Answers, exercises 5, 6, page 171 
*5, A 15, X41 tik 
B24 Gv oh 5:95:95 
CVAD KTV 2062, (OK FS 


Using the Ideas 





. Each equation shows 24 written 


as the product of two factors. 3x 14 
Can you write 24 as a product of D330 Mal, TS 2 Gee 
two factors that are not shown ? No 3 x 10 

| RG Pg iy 





F 60 X 1, 30 X 2, 10 x 6, 


. List all the whole numbers that are factors of 24. 15420 Se oa Z 


The equations from exercise 1 should help you.!.2.2.4.6.8,!2.24 *6. A 15,1, 3,5 
; B45; 1. 15 3a9 5 

. Tell whether or not the first number is a factor of the second. CA Ot 6d 

A Cae B 4,08 c 8,72 D 4,91 E 8, 108 F 8, 96 D 30, 1, 15, 2, 6, #@p10 
“7 Res all em ways of ite 18 as He ee of two reais E 35,1,7,5 

Use each factor only once. (There are 3 ways.) scone “ F 60, 1, 30, 2, 10, 6, 15,4, 20, 
B List all the factors of 18.!,2,3,6,9, | 3X6= 18 35, 12 ; 
*Order may vary within a pair or 

. Show all the ways of writing each number as the product listing. 


of two factors. Use each factor only once.See Answers, T.E. page \T1. 
A 15 (There are 2 ways.) p 30 (There are 4 ways.) 
B 45 (There are 3 ways.) —E 35 (There are 2 ways.) 
c 42 (There are 4 ways.) F 60 (There are 6 ways.) 


‘ = all the factors for each number in exercise 5. 
See Answers, T.E. page \T\. 


. Solve the equations. Then list. all the factors of 72. 
A 72 1= Bp. 72 + 4= n. 
36 
Bp /2-~2=ne eae 


72+3=nrF 72+8=n 
123,468,912 \8.24, 36,72 





of each number. 
A 20 10,20 , c 32 1,2,4,8, 16,32 
sp 13 §i9e81tp?271;3,9;21 


of every number. | 


~ 25,49, I2I, ete. 
(Squares of prime numbers) | 











Using the Exercises 
Assign the exercises on page 171 
as independent work. Exercises 


a pattern in their solutions. Give 
them a hint such as: 


: 4=2x2 
4A and 5 may warrant special at- G43 
tention. For example, in exercise 25 = 5X 5 
5A, notice that for the number 15, 49=7X7 


we observe that there are two ways 


to write this as the product of two 
factors. Point out to the children 
that 5 X 3 is not to be considered 
as different from 3 X 5 and that 
they must find two different pairs 
of numbers whose product is 15. 
Of course, the expected pairs are 
3 and 5, and 1 and 15. 

The chances of solving the Think 
problem by trial and error are slight. 
Encourage the children to look for 


This may help them see that the 
numbers they are searching for are 
the squares of the prime numbers. 


Assignments (page 171) 
Minimum: 1-5. Average: 1-7. 
Maximum: 1-9. 


Ly 


PAGES 172-173 
Objective 

Given a composite number less 
than 100, the child will be able to 
form a factor tree for it. 


Preparation 

Unless you want to provide the 
children with a warm-up activity 
by reviewing numbers written as 
a product of two factors, it would 
be appropriate to begin immediate- 
ly with the investigation. 


Investigation 

Factor trees provide a convenient 
tool for finding the factors of a 
number. Make sure the children 
understand the rules for building 
factor trees before they proceed 
to find other factor trees for 60. 
Since every number has itself and 
1 as factors, a factor tree using the 
number | would be unending. 

Rule 2 should be interpreted by 
the children as meaning that, as 
long as any number in a row can 
still be written as a product of two 
numbers, the factor tree should 
grow taller. You might also point 
out that the product of the numbers 
in any row is the given number. 
Rule 3 means that as long as the 
numbers in any row of one factor 
tree differ from the numbers in a 
row of another factor tree, the 
factor trees are different. However, 
a change in the order of the factors 
does not constitute a different fac- 
tor tree. 

The factor trees the children 
build may vary widely at the 
third level. To be different from 
those already shown, however, 
each should have at the second 
level, one of the following pairs 
of factors: 


<5 
6 xX 10 
230) 


Wid 








@ What is a factor tree? 


Investigating the Ideas 


Here are some rules for building factor trees. 


RULE [1] No 1’s allowed. 


RULE [2] Each tree grows as tall as possible. 


RULE [3] Two trees are different if the factors 





at any level are different. 


How many other 


different trees 
can you build 
for 60 ? 


See Investigoa 


Discussing the Ideas 


1 


What factors are in the top row of each 
of your factor trees for 60 ? 2,2,3,5 


Does 6 have a factor tree that is different 3 x2 


from this one ? Explain.No. Achange in order of {6) 
factors does not make adifferenttree. 3 5 


Copy each factor tree on 2 (i x Mill > Il 
your paper and give the 5 3 Wis 
missing factors. Explain bial 4 

how you completed the trees. 30 


2.55 

Mil > il x 3 
/ | 

io lil = ili 
NSE 





Find another factor tree for 30. 


5. Show that each row of each factor tree for 30 contains 


numbers that are factors of 30. 2*!5=30, 3x\0=30, 5x@=30, 
Z2x3x5 Cin any order) = 30 


. Which row of the three trees contains the same factors of 30 ? 


Top row 


WZ 








Discussion 

Have several children write differ- 
ent factor trees for 60 on the chalk- 
board. Have the children check to 
see that there are no duplicates. 
Then ask the children if they no- 
tice anything similar among the top 
rows of each of the factor trees. 
Point out that no matter what fac- 
tor tree we build for a given num- 
ber, we get the same result for the 
top row of numbers. The numbers 
may, of course, be in a different 
order, but the same numbers oc- 
cur. This is evidence of the Fun- 
damental Theorem of Arithmetic 
(or the Unique Factorization The- 
orem). Each composite number can 





be factored as the product of primes 
in exactly one way (without regard 
to order). Discussion exercise 1 
emphasizes this idea. 

The discussion exercises devel- 
op the points mentioned above. 
Exercise 2 stresses the fact that 
order is not to be regarded; exer- 
cises 3 and 4 stress both how a 
tree should ‘“‘grow” until no num- 
ber in a row can be written as a 
product of two numbers and how 
some numbers have several trees. 
Exercises 5 and 6 stress that the 
product of each row in a tree is the 
given number, and that the top rows 
for the trees of a given number al- 
ways consist of the same factors. 


. Copy mati factor tree and aie the miestiig factors. 





A 3 x lll x 2 iil x 2 x 
me 4 i 
. i " Se x MM 3 
18 18 
2 2 5 5 
D 7% x 5 x ill E Z x ill >I 
2 Kill 10 2 
l . x il uN x 7 25 
20 50 


Using the Ideas 


ree | 
c [iil x {il x 5 
Nea | 
4 iil x [i's 
Nie 7 
20 
2 5 
F {fil x Wh > I 
/ | 
\ojl x 5 
eels 
50 


2. How many different trees can you draw for 24 ? Four are possible. 


Second row can have these factor combinations: 3x8, 4x6, 2X12 (Two 
Variations are possible 


a 45 


3. Draw a factor tree for each of these numbers. 


B 28 —c 1G pd /0 


see Answers , T.E. page 113 
. In each exercise, part of a factor tree is shown. 


Give the number for each |i. 
73 3 









3 


x7 x ik >I 
AW 4 


. Give the missing numbers. 
a lf 6 isa factor ofa c If 2 and 5 are factors 


number, then || and lll are 2,3 
factors of that number. 
If 15 is a factor of a p If 7 and 3 are factors 
number, then ||| and lll are 3,5 
factors of that number. 


More practice, page A-15, Set 28 





MW 3rd row: 


E 36 


Ls) 


2X6X2 
pay) 
or 2X4X3.) 





of a number, then lll is \o 
a factor of the number. 


of a number, then lll is 21 
a factor of the number. 


TAS 











Using the Exercises 

Have the children do the exercises 
on page 173. When they have fin- 
ished, allow time for discussion and 
checking papers. Because exercise 
4 shows only parts of factor trees, 
it is not important what numbers 
we start with. The important idea 
in such exercises is illustrated in 
exercise 4A. If 6 is a factor of a 
number, we know immediately that 
2 and 3 are factors of the number. 
In exercise 4B, we see that, if 15 
is a factor of a number, then 3 
and 5 are factors of the number. 


Assignments (page 173) 
Minimum: 1A-C, 2, 3. 
Average: 1-4. Maximum: 1I-S. 


Answers, exercise 3, page 173 
(These are sample answers.) 


As 3.4563 


[sx3 


Duplicator Masters, page 38 
Workbook, page 53 
Skill Masters, page 38 


WE: 


PAGES 174-175 
Objective 

Given whole numbers less than 
50, the child will be able to iden- 
tify the prime numbers from this 
set. 


Preparation 

To prepare for this lesson, you 
might give children pairs of fac- 
tors and ask them if either of the 
factors may itself be written as the 
product of two numbers. For ex- 
ample, associate your question to 
the factor tree studied in the pre- 
vious lesson, and ask: “Could 3 
and 4 be the numbers in the top 
row of a factor tree?” (Since 4 can 
be written as 2 X 2, the expected re- 
sponse is no.) ‘“What about 6 Xx 5? 
LD pe OM Be ee TS RID. CY Wd 
7 X 8 X 2?” and so on. 


Investigation 

It would be suitable to have chil- 
dren work together on this inves- 
tigation. Encourage children to 
approach the question methodi- 
cally and write the numbers in an 
ordered list. You might note with 
the children that they do not nec- 
essarily have to build a factor tree 
for each number less than SO that 
has one; they are being asked only 
to name those numbers for which 
a factor tree cannot be built. Of 
course, it is likely that some 
children will incorrectly choose a 
number which can be factored. 
Encourage discussion among the 
children so that they will actually 
be checking each other’s work. 


174 





Do you see why ? 


174 





Can you find the other numbers less than 50 


that do not have factor trees ? See Investigation. 





® What are prime numbers? 


Investigating the Ideas 


The numbers 2, 3, 5, and 7 do not have factor trees. 


Dee ae Te 2 

Ne 
Sex 2 Ge coai! Medes Ya ae? op 
7 Ws \/ BRS 


5 6 7 8 9 10 


©,1,M,13,17,19,23, 
29, 3\, 37,41,43,417 


Discussing the Ideas 


1. The prime numbers are the whole numbers greater than 1 
that have no factor trees. How many factors does each 
prime number have ? Two Citse\f and |) 


2. The composite numbers are the whole numbers greater than 1 
that have factor trees. What are the first 5 composite 
numbers ? 4, 6,8, 9,10 


3. The top row of each factor tree should have only prime 


numbers. Explain why this is so. \f the numbers 


are not prime,other factors can be shown, 
So the tree is incomplete. 


4. How can you use the numbers in the top ty 
row of this factor tree to find the number 
for a? Find the missing numbers. 
Multiply: 7X2xX5x3=ZI0 

5. Can you use exercise 4 to help you write 210 as the product 
of prime factors? 21iI0=7x2x%5x3 


Vex2 x5 ogs 
4B x c\5 


A 2\0 





Discussion 

Have some children write on the 
chalkboard the numbers less than 
50 which have no factor trees. 
When the class agrees that the list 
is correct, use the discussion exer- 
cises to teach the meaning of prime 
and composite numbers. Observe 
with the children that each prime 
number has exactly two different 
factors, 1 and itself. Note that this 
definition excludes the number 1, 
for it has only itself as a factor. 
Also, note that we do not consider 
a number like 5 as having a factor 
tree, since we cannot find two num- 
bers other than | which are factors 
of 5. In exercise 5, children need 


not build a new factor tree for 210. 
By associating exercises 4 and 5, 
they should identify the top row 
of the factor tree in exercise 4 
as the answer to exercise 5. 


—_ 


* 7. 


. List all the prime numbers 


between 1 and 50.2,3,5,7, ||, 13, 
17, 19,23, 29, 31,37, 41, 43,47 


. What number is both an even 
number and a prime number ?2 f 


. Find two prime numbers 
whose difference is 1.2, 2 
Are there other such pairs ? No 


. Find two prime numbers 
whose difference is 3. 2,5 
Are there other such pairs ? No 





a ‘tye? owe 4 
Inthe set oF ih morse 


. Copy and complete each factor tree. Then give the number 


at the bottom as a product of prime factors. 


7 2 3 2 2 2 2 

A ili (ll > Ih B {ilil x (il > Wl > {il 
| . ‘a RS # ey 
ri ll | 4 
\ x mm Ml . x be 


70 =7x2x5 


2” 3165 5 
p ill x Il x tl x {il =e 
<oRy J SY 
6 
a 


. Express each number as 
a product of prime factors. 


A 21 
p 27 
A 3X7 


D 3X3X3 E 2X2X%2xX3x3 F 2Y2X3 
Will two different factor trees 
for the same number give the 
same factors in the top row ? 


a= 9" are 15 
Hi >t > A >< 
Ney wry 
x {ill2s 15 yx 
o1 & 
750>2X3x5x5 


ll 1 
i 


B 42 c 30 
Ea 2 F 60 
B2X3X7 C 2x3x5 


Yes. See Using the Exercises. 





Using the Exercises 

On page 175, you might choose to 
work through exercises 1-4 to- 
gether. Note that the answers to 
exercises 2, 3, and 4 depend upon 
the fact that 2 is. the only even 
prime number. 

When children finish the remain- 
ing exercises, exhibit exercises 5A, 
B, and C on the chalkboard and 
give the children an opportunity 
to discuss them. Have the chil- 
dren attempt to show different fac- 
tor trees for these three numbers. 
Note with the children that no mat- 
ter what factor tree we show for a 
number (such as 70, 16, or 105), 
we get the same set of prime fac- 


= 


rd el ike ane é 4 | 
he ene Ss 


ip “Less than ninety- three, ba 
I'm the largest one eel 
feailelae t havea pai 


rl wuo 4 aM. re) 
frovaiane'! ©: 89 





16 =2xX2x2x2 


ALD OC a: 
F fii x it > tll >t 
Ae? My / 


750=3%5x2x5 





Using the Ideas 


3 5 T 
e ill x th x 
| Mens 
Six 

» 
105 =3x5x7 


Mh S5 
4 


1 Omen 


Il \ 
Psi va 


150=2«5x3x5 


THD 








tors in the top row of the tree. Elic- 
it from the children the fact that for 
each composite number there is ex- 
actly one set of prime factors which 
can be multiplied together to give 
this composite number. A discus- 
sion of starred exercise 7 will also 
bring out this idea. 

Both Think problems’ should 
stimulate further discussion of the 
ideas in this lesson. 


Assignments (page 175) 
Minimum: 1-4, 5A-C. 
Average: 1-6. Maximum: 1-7. 


Follow-up 

Children might enjoy the following 
game with prime numbers. Have 
them make 2 cubes and write on 
the sides of each the first six prime 
numbers (2, 3, 5, 7, 11, 13). Then 
two, three, or four players can take 
turns rolling the dice. For each pair 
of numbers a player rolls, he should 
record his sum and product and 
indicate whether each is even or 
odd. After each player has had ten 
throws (or six throws if four are 
playing), they should tally their 
scores according to the following 
point system: 

Every odd sum is worth 5 points. 

Every even product is worth 5 
points. 

If both the sum and the product 
of the same roll are even, that roll 
is worth 25 points. (Children should 
discover the uniqueness of 2 as the 
only prime number which is even.) 

A sample chart for one player 





follows: 
Roll Products 
1 O 
mM E (5)—10 points 
3 O 
4 O 
5 O 
6 O 
7 E —25 points 
8 O 
9 O 
10 E (5)—10 points 





Total: 45 points 

If there is a tie score, the player 

who rolled the odd sum and even 

product, or the player who first 
rolled a pair of twos, wins. 


Resources for Active Learning 

Mathex: Numeration No. 7, ‘‘Prime 
Numbers,” pp. 6-8, Encyclopae- 
dia Britannica Publications Ltd. 

Modern Math Games . . ., ““Two 
for the Primes,” p. 12, Fearon. 
[A game] (Available from Clarke, 
Irwin) 

Notes on Mathematics in Primary 
Schools, “Prime Numbers,” pp. 
15-16, Cambridge University 
Press. (Available from Macmillan 
of Canada) 

Nuffield Project: Problems —Red 
Set, No. 4, Wiley. 


Workbook, page 54 
¥75 


PAGES 176-177 
Objective 

Given two finite sets, the child 
will be able to recognize both the 
union and the intersection of the 
sets. 


Preparation 
Materials 
string, 30-cm pieces (1 per child) 
To prepare for this lesson, you 
might review the word set with the 
children, to make sure their under- 
standing of the term is intuitively 
correct. Recall that the term itself 
is undefined in mathematics, but an 
intuitive notion of its meaning is 
not difficult for children to develop. 
You might review the term in the 
following manner: Tell the children 
that you are thinking of a set; ask 
them to name objects which they 
think might be in the set. After you 
have responded to 8 or 9 objects, 
see if a volunteer can describe your 
set; if no one can, describe it 
yourself. You might then ask chil- 
dren to think of a set, and call on 
their classmates to describe it. 
The time spent on this preparation 
should not be more than about five 
minutes. 


Investigation 

In this investigation, children actu- 
ally work with a number of pairs of 
sets and form the intersection of 
each pair. Suggest that they not 
only count how many ways they 
can arrange their loop, but also re- 
cord each situation. You might ex- 
hibit headings for three columns 
they might use. 








In loop In red In both 
of string loop loops 
| 2) ek Bi A, B,C G 
D,B vi wl Sie bi B 
D,A APEC A 
D,A,B A,B,C A,B 
DAS C ALB GC A,C 
D, B,C ya) op io) Bre 
DIA,B,€ Pca sb ASB; C 


(The possibilities are listed only for 
your convenience; children should 
work this investigation with mini- 
mal guidance.) 


176 





@ Let's explore union and intersection of sets. 





Investigating the Ideas 


Make a loop out of a 30-cm ) 

piece of string. The figure D 
shows another loop with 3 

letters inside and 1 letter 

outside. 





See Investigation. 





How many ways Can you place your loop 
of string on the figure so that 
each letter is inside one of the loops 


Draw pictures 
to show 
the ways 

and you placed 
at least one letter is inside both loops? | your loop. 


Discussing the Ideas 


Ve 


Each loop in your Investigation 
contained a set of letters. 

The union of the two sets is 
all the letters that are in one set 
or the other or in both sets. 
What is the union of the two sets in the figure ?¢ 4 6,c,D} 





a The intersection of the two sets is the set of letters that are 

in both sets. What is the intersection of the sets in the figure ?{c} 
s What letters were in the intersections of the sets 

you formed in the Investigation ? see Investigation. 


Give the union and intersection of sets S and T. syut= {a,b,6,4.e,f,9, 
1 ne 
: 2 FSi SNT=fe} 
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Answer: Union: 
Intersection: 


SUT = {a, b,c, d, e, f, g} 
SnT={erd} 










Discussion 
Exercises 1 and 2 introduce the 
terms union and _ intersection 
through a discussion of the investi- 
gation. It would be helpful to ex- 
hibit the chart illustrated at the 
left, in the investigation section. 
Since the union includes letters 
that are in one set or in the other 
set or in both sets, the union of 
each of the seven pairs of sets 
is the same, namely, {A, B, C, D}. 
The intersection, however, con- 
tains only those letters which are 
in both of the two sets; thus, the 
intersection of the two sets is dif- 
ferent for each different pair of sets. 
Exercise 3 introduces the sym- 


bols for union and intersection. 
You might help children distinguish 
between U (union) and /¢ (inter- 
section), by associating the letter 
“u” of union with the “u’’-shaped 
symbol, U. It would be helpful to 
use these symbols with sets from 
the investigation. Observe with the 
children that members of a set are 
enclosed within brackets. For ex- 
ample, if we let R={D,A} and 
S=14,8,C},. then —k US = 
{A, B,C, D} and RN S= {4} or, 
more simply, {D,A} U {A,B,C} 
= {4,B,'C.D}.,,and 1D Abt) 
{A, B,C} = {A}. 





PE ——— ee ee 


1. For each exercise, give the union and the intersection 
of the two sets. (Note: If there are no letters in the 
intersection of the sets, just write SnT={ }) 


A 


n 
a 
Q 
> 
° 


2. Study the example. Then give the union and the intersection 


B 
Answer: (2 
SUT ={a,b,c,} ahs 
So = b} S SU T={a,b,c,d,e,f } 
snt={et} 





SU T=fa,o,c} 





D 
SU T=fa,b,¢,d,e,f 5 
SIT=L 





SNT=fb3 T F 
SUT={a,o,c,0,e,9,9} 
2 a i fot | T=fe,d,e,f 5 
S5UT={0.0,0,4,e,F.93 
SNT={La,b,¢3 
S 


R 
& 


m2 0 
is 


SNT=£3 


for each exercise. 


> 


Example: S$ = {1, 2,3, 4} S 

T ={3,4,5,6,7} SnT= 
S = {1, 2, 3} SuT=£1,2,3,45 Eo 40, 
T = {3,4} snt={3} Teast 2; 
S = (0,1, 2, 3, 4, 5} sut-{92.33 F S ={7, 
243, 475, 6) 'SNT= {34153 T= <5 
S = {0, 1, 2} suT=$o1,2,3.4,6,65 @ S = {5, 
Ti=41) 2734, 5,6} satefi23 T ={2 
S = {0, 1, 2, 3} suT=£0,12,34563H S = {9, 
T ={4,5, 6} snt=$3 etey 


More practice, page A-15, Set 29 








afc 


ALE 
= 7) 
co & 


aS 
S5UT=fa,b,¢,d,e3 
a SNT= Fc} q 
SUT= ta,b,0,d,e3 


UT ={1,2,3,4,5,6, 7} 


Using the Ideas 


S 


Tt 


co 0 
bp & 
ie) 


7 


{3, 4} 
, 2,3, 4, 5, Bysurfic’} 


O, 11} suT=} 29:10} 


1 
8, 9,11, 12, 13}snT=fai3 
177 








Using the Exercises 

Assign the exercises on page 177 
as independent work. When the 
children finish, you might use col- 
ored chalk to demonstrate answers 
to some of the exercises. For ex- 
ample, draw the picture in exercise 
1A twice; color one drawing to 
illustrate the union of the two sets 
and the other to show the intersec- 
tion of the two sets. 


5 





Assignments (page 177) 
Minimum: 1, 2A-D. 


Average: 1-2. Maximum: 1-2. 





Resources for Active Learning 

Discovery, Section Il, Units 
19/2,3; 20/1-4, Encyclopaedia 
Britannica Educational Corp. 

Nuffield Project; Problems —Green 
Set, No? 37: Red: Set. Nowe 
Wiley. 

SMSG: Probability for Intermedi- 
ate Grades, “Both, And; Either, 
Or,” Lesson 9, Stanford Uni- 
versity. 


Duplicator Masters, page 39 
Workbook, page 55 
Skill Masters, page 39 
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PAGES 178-179 
Objective 

Given a pair of composite num- 
bers, the child will be able to find 
their greatest common factor. 


Preparation 
To prepare for this lesson, review 
the intersection of sets discussed in 
the previous lesson. For example, 
list the following pairs of sets on 
the chalkboard and ask children 
to give the members of the sets 
which are in the intersection. 
11,2, 4; 6..8,.1 0201 2ata 
{199331629 12} 
ee: Sy BON OT A 
{1, 4, 8, 12, 16, 20} 
M54 On ls 24 Lei 
41, 2547.6. 9512.56 
1s Hoists el ese Rae Ree 
1 ey ip RE ge RE ees 
feb ds Ouleie 1 342i) 
£1,354,,05.9,.b2.24+ 


Investigation 

If the children worked well with the 
suggestion in the preparation, you 
might suggest that they first find 
the intersection of Don’s set and 
Linda’s set. The intersection, of 
course, would consist of the num- 
bers given by both children, that 
is, of the numbers which are fac- 
tors of both 30 and 48. They must 
then proceed to find the largest of 
these numbers (6). Encourage the 
children to work independently. 
This investigation is short, so they 
should not need very much time. 


Pl 


ra. b) 
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® What Is the greatest common factor of two numbers? 


Investigating the Ideas 


Don gave the factors of 30. 


Linda gave the factors of 48. 


Can you find the Record the largest number 
intersection of Don’s | in the intersection 
and Linda’s sets ?\2.36]| of the sets. ¢ 





Discussing the Ideas 


1. The largest number in the intersection of the children’s sets 
is the greatest common factor of 30 and 48. What is it ? ¢ 


2. Study each table and give the greatest common factor 
of the two numbers. 





S={1-2)3, 4, 6, 12}. The factors-ofere 

T =41, 2)'475/10;) 20) Se = The factors of 20 

SE ESS ora i, The common factors 
of 12 and 


The factors of 18 
The factors of 27 
The common factors 
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Discussion 

Before discussing exercise 1, point 
out that the numbers 1, 2,3, and 6 
were given by both children, so 
they are common factors of 30 and 
48. Then discuss the fact that since 
6 is the greatest of these numbers, 
it is called the greatest common 
factor. 

As you discuss exercise 2, point 
out that first the factors of each 
number are listed; then all the com- 
mon factors are identified; and fi- 
nally the greatest of these common 
factors is noted. To give children 
practice in finding the greatest com- 
mon factor, use several examples 
such as those suggested in the prep- 





of 18 and 27 


= <_SLa A a | 
_ } 


"Tata? pe fla) Bees by Rp ee ee 
alls the greatest commen factor of 18 and 274 7 


aration. Also use examples in which 
the children must first find the fac- 
tors of pairs of numbers and then 
find the greatest common factor. 
For example, ask children to find 
the greatest common factor of these 
pairs: 12,18; 12,15; 16,20; 12,24; 
9,16. Observe with the children 
that sometimes the greatest com- 
mon factor of two numbers is one 
of the numbers: the greatest com- 
mon factor of 12 and 24 is 12. Also, 
sometimes it is the number one: the 
greatest common factor of 9 and 16 
isals 





1. a List the factors of 12.1,2.34,6,128 List the factors of 18.1,2,3,6,9,\8 


2. a List the factors of 18.1,2.3,6,9,168 List the factors of 20.1,24,510,20 





Using the Ideas 


ce List the common factors of 12 and 18. |,2,3,6 
p What is the greatest common factor of 12 and 1876 


c List the common factors of 18 and 20. |,2 
p What is the greatest common factor of 18 and 20? 2 


3. For each pair of numbers below: 


[a] List the factors of each number. 


List the common factors of the two numbers. 
[c] Give the greatest common factor of the two numbers. 


Ael2ee ce: 8,12 —e 10,14 
B 8, 20 p 9,27 F 40, 50 
See Answers, T.E. page I79. 


G55 ee Zaeeg BS 
H 25, 20 


4. Give the greatest common factor of each pair of numbers. 


5. What number is a common factor 


* 6. 


* 7. 


More practice, page A-16, Set 30 


a 15,25 5 p 24,18 6 ec 9,10 | J 18,306 
B 10,3010 Eo, 2A H 18,15 3 k 12,93 
c 18,82 F821 1 50,20 io Pi a Haier 2 Sa 


of any pair of numbers ? | 


If both of the numbers are 
prime, what can you say about 
the greatest common factor 

of the two numbers ? It is 1. 


If one of two numbers is prime, 
what can you say about the 
greatest common factor of 


the two numbers ? It is either 
1 or the prime number. 








Using the Exercises 

Notice that, in exercises | through 
3 on page 179, children are guided 
through the procedure of first list- 
ing the factors of each number, 
then the common factors, and fi- 
nally the greatest common factor. 
But by the time they get to exercise 
4, more able children might be able 
to give the greatest common factor 
of some pairs simply by inspection. 
We hope that children will develop 
this type of skill for their later work 
with fractions. However, do not 
expect them to do it efficiently at 
this time. 


Assignments (page 179) 
Minimum: 1-4. Average 1-5. 


Maximum: 1-7. 


J 16, 24 


Answers, exercise 3, page 179 


A 1,2,3;4;6,12 
1,2,4 
Common factors: 1,2,4 
GCF: 4 
1. 2;4:8 
eee Se EV RL) 
Common factors: 1, 2, 4 
GCF: 4 
1,2,4,8 
(2, 3,4.0, 12 


Common factors: 1,2,4 
GCF: 4 

1,3,9 

1,.3,9,27 

Common factors: 1, 3,9 
GCF: 9 

132,5510 

1 toad a b4. 

Common factors: 1,2 
GCE2 
1,2,4,5,8, 10, 20,40 

by, 255410,2:5.50 
Common factors: 1,2,5,10 
GCEw10 

IsS 

13,55 19 

Common factors: 1,5 
GCF: 5 

1325 

122245510, 20 
Common factors: 1,5 
GCF: 5 

ad 

je ie 

Common factors: 1 
GCF: 1 

12. 48916 





1,223,4,6,8512.24 
Common factors: 1,2,4,8 
GCF: 8 


Duplicator Masters, page 40 


Workbook, page 56 
Skill Masters, page 40 


179 


PAGES 180-181 
Objective 

Given two numbers, the child 
will be able to find the least com- 
mon multiple of the two numbers. 


Preparation 

Materials 

colored strips; centimetre ruler 
The nature of this investigation 

makes it suitable to omit any spe- 

cific preparation. Have the children 

begin immediately with the inves- 

tigation. 


Investigation 

Suggest to the children that they 
first use their 2-strip and 3-strip as 
illustrated in the text. When they 
are working with the 6-strip and the 
8-strip, you might challenge some 
children to find out some other 
numbers these strips will match. 
You might also suggest that they 
do the same investigation with 
another pair of strips, such as the 
5-strip and the 3-strip, or 2 and 4, 
or 6 and 9. 


180 


| 





180 








® What is the least common multiple of two numbers? 


Investigating the Ideas 


When your 2-strips and 3-strips 
“match” at O, they “match” at 6, 12 


| 


Can you find where your 6-strips 
and 8-strips first match after 0 ? 24] See Investigation. 


Discussing the Ideas 


You were finding multiples and common multiples in the 
Investigation. The common multiples of 2 and 3 are 
40). GAL Zone oat 


The first time the strips match after O is called 
the least common multiple of the two numbers. 


1. What is the least common multiple of 2 and 3? © 


2. What is the least common multiple of 4 and 6 ? !2 





Discussion 

Use the text explanation to relate 
the investigation to the set of com- 
mon multiples of 2 and 3. Help 
children see why 6 is the least com- 
mon multiple of 2 and 3; note that 
it is not because 6 happens also to 
be the product of 2 and 3. 

Have a volunteer list the num- 
bers where his 8-strip and 6-strip 
match. Have someone circle the 
number where these strips first 
match (after zero). Help children 
to see that this number, 24, is the 
least common multiple of 8 and 6. 
Note that although 0 is a common 
multiple of every number, we do 
not consider it as the least common 


multiple of two numbers. More pre- 
cisely, we might call this the “least 
common nonzero multiple” of two 
numbers, but we shorten it to “least 
common multiple.” 

Use other examples of finding 
the least common multiple, such as 
those suggested in the investiga- 
tion. Make sure children realize 
that the multiple of a number is 
simply a product of the given num- 
ber and another. Thus, to find the 
least common multiple of 6 and 9, 
they should list the first five or six 
multiples of 6, then the first five or 
six multiples of 9, compare the lists, 
and find the smallest number which 
appears in both lists. 















1 A 


c 


aA 
c 


3. A 


c 


Using the Ideas 
0,3,6,9, 12,15, 18,21, 24,27,30,33,36$ — {0,4,8,12,10,20,24,28,32,30% 
List the multiples (to 36) of 3. & List the multiples (to 36) of 4. 


ae the common multiples (to 36) of 3 and 4. {o,\2,24,36% 
O,2,4,6,8,10,12,14,16,18,20,22,24 1 +, BAZ NG, 20, 
List the multiples (to 24) of 3 B fe: the Metipieene 24) of 4. 


List the common multiples (to 24) of 2 and 4. {0,4,8,12,16,20,243 


Jay Sara 0,8,16,24, 32,40 
aks seLerhe nia 


‘ 40,483 
List the multiples (to 4 e multiples (to 48) of 8. 
List the common multiples (to 48) of 6 and 8. {o,24, 48% 


{0,3 ,6,9,\2,158,2|,24,27,30,33,36,39,42} § 0,6,12,18,24, 30, 36, 


4. a 


c Listthe common multiples (to 42) of 3 and 6. {0.¢.,12,!8,24,3036,423 
Seed evinie miciipiee (eo GO) of 10. 


c 


6. A 


c 


ee A 


c 


8. a 


c 


9. What number is acommon 
multiple for every pair of numbers 29 


10. Give the least common 


multiple for: 

a 3and4i2~ 6 8and1040 
B 2and44 H 5and7 25 

ec 6and8 24 1 5and2 10 

p 3and6G ss: Yand4 26 

—E 10and420 « 5and420 

F 5and630 te 3andd5i5 


More practice, page A-16, Set 37 


0,5,10,15,20,2' 


,8,16,2 : 80 
pis Rie multiples (to 80) of 8. 8 


©,5,10,15,20;25,30,35,40,45,50,55,60,65,70$ {0,7,14,21 
iples (to £5. 


5 ! ° AZ 
List the multiples (to 42) of 3. 8 List the multiples (to 42) of 6. 


0,4,8,12,16,20,24,28,32,36,40,44,4852,56.,60 
i List the multiples (to 60) sce 


List the common multiples (to 60) of 10 and 4. { 0,20, 40,603 


y i 7 ’ ©, es 8, 7 4 7 ’, 
List the multiples (to 60) of gos tet the multi plés (to 60 i206, 


List the common multiples (to 60) of 5 and 6. {0,30,603 
4,32,40,48,56,64,72,80$  {0,10,20,30,40,50,60 


List the common multiples (to 80) of 8and 10. {0,40, 803 


List the mult O)o B List the multiples (to 70) of 7. 
List the common multiples (to 70) of 5 and 7. {0,25,70} 





181 


i 3 
ist the multinles 1G 80) pf 10. 


28,35,42,49,56,63,70$ 











Using the Exercises 

After children complete the exer- 
cises on page 181, point out certain 
related ideas. For example, al- 
though we could list all the factors 
of a number, we can never list all 
the multiples of a number. Also, the 
LCM (a common abbreviation for 
least common multiple) of two 
numbers will sometimes be the 
product of those numbers, as with 
3 and 4. Also, the LCM may some- 
times be one of the numbers, as 
with 2 and 4, or 2 and 8. 


Assignments (page 181) 

Minimum: 1-4, 10. Average: Even- 
numbered problems. Maximum: 
All. 


Duplicator Masters, page 41 
Workbook, page 57 
Skill Masters, page 41 
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PAGES 182-183 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Review with the children any of 
the chapter topics with which they 
had particular difficulty. Some ben- 
eficial preparation activities would 
be drawing factor trees, listing all 
the factors of several numbers, and 
listing some of the multiples of 
several small numbers. Making 
these lists of factors and multiples 
is nearly always a worthwhile ac- 
tivity for the children, and should 
be done frequently to reinforce and 
maintain their ability to work with 
factors and multiples. 


182 


. Copy each factor tree and give the missing factors. 


te 3 = = 3 az 3 lines Ss 3 
a ifiil x il >I B iii x il > til > Ih c nia ti > ill > 


7 il 9 Ill © 1 A ‘wo 
x x x 
ae, ie ie Sis $5 


. Draw a factor tree for each numbe7x.See Answers, TE. page \83. 


a 14 B 10 e238 p 45 e 56 


. Tell whether or not each number is prime. Show a 


factor tree for each number that is not prime. 3X3X3xX3 
A 213x7 B 29 c 33 3x || p 67 E 81 9x9 F 513X176 47 
No 2 Yes ‘34 Yes No 8i No SI Yes 


. List all the factors of each number. 


a 14 B 12 c 16 pd 18 ies 6 eae « 40 


12,714 1,2,3,4,.6,12 1,2,4,8,16 1,2,3,6,.9\8 1,2,4,5,10,20 1,2,\1,22 nn sa 


. Give SUT and S nT for each pair of sets. 


A S = {2, 4,6, 8, 10} suT=foi234,568,103 D S={ }SuUT=£1,2,33 
T = {0, 1, 2, 3, 4, 5}snt={2,44 T= 17253) Siteaes 

B S={6"748-9-1 Ostet 0123466) E S = {5, 7, 9}sut=§4,5,6.789,10} 
T= On) 323,47 6} snt=£c} T = {4, 5, 6, 8, 9, 10} snt={5,93 

c S ={0, 2,4, 6, 8, 10} suT={o'232.6\ & S = {7, 8, 9, 10} sut=f72,9,104 
T = {1235/29 eer £¥ T = {7, 8, 9, 10} snt={7,8,9, 10% 


. A List all the factors of 30. |,.2.35,¢,10,\5,308 List all the factors of 18.\2.36.918 
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Discussion 
If you assign the exercises on these 
two pages as independent work, the 
results should enable you to make 
a fairly accurate evaluation of the 
children’s understanding and skill 
with prime numbers, factorization, 
set union and intersection, greatest 
common factors, and least common 
multiples. Check the work your- 
self, but return the papers and allow 
the children to ask questions. Plan 
to reteach areas of weakness by 
letting the children work at the 
board or in small groups on com- 
mon problem areas. 

Although the complete solution 
to the Think problem may not be 


c List the common factors of 18 and 30.},2,3,6 
p What is the greatest common factor of 18 and 30? ¢ 
£0,6,12,\8,24,30,36,42,48,54} 
7. a List the first 10 multiples of 6. s List the first 10 multiples of 8. 
c List some common multiples of 6 and 8. 24. 48 
p What is the least common multiple of 6 and 8 ? 24 


0,8,16,24,32,40,48,56,64,725 





accessible to any but the most able 
children, most children will ben- 
efit from a discussion of it once the 
correct answer is given. Be sure to 
give all children an opportunity to 
try the problem and, later, to dis- 
cuss it. A table of primes should 
help less capable children. 





OE ————— ———— 


Solution, Think, page 183 
Several answers are possible for 
each of the even numbers in the 
Think problem. The following are 
sample answers. Your students 
may suggest other acceptable an- 
swers as well. 
16=3-+ 13 34=17+17 
18=7+11 36= 19+ 17 
20=7+ 13 38 = 19+ 19 
22=3+19 40=23+17 
24=5+ 19 42 = 23 + 19 
26=7+ 19 44 = 31+ 13 
28=11+17 46= 17+ 29 
30= 134+ 17 48 = 29+ 19 
32= 13+ 19 50 = 31+ 19 





8. Give the greatest common factor 
for each pair of numbers. 
a 4and102 - ec 18and 486 
B 15and255 pb 24and 408 


9. Give the least common multiple 
for each pair of numbers. 
a 4and1020 c 8and54o 
Bp 6and1530 ob 12and412 


10. If the numbers 1, 2, 3, and 6 are 
the common factors of two 
numbers, what is the greatest 
common factor of the numbers ?6 


Answers, exercise 2, page 182 
(These are sample answers.) 





11. If the first four common multiples of two numbers are A267 
0, 12, 24, and 36, what is the least common multiple ? 2 \/ 
12. Give the missing word or number. Bo2X5 
a No prime number greater than 7 ends with one of the ‘ok 
digits 0, 2, 4, 6, 8, or jl. 5 10 
s If anumber is prime, then it has exactly two __ ? _. factors Chit 4 aa 
c If anumber is the product of two smaller numbers, x 2 / 
then itis__? _. composite Z aay 
p The numbers less than 10 that have exactly Wi 
three factors are 4 and iil. 9 28 
E |illl is the smallest 2-digit number that has exactly three factors. 25 D 5xX3x3 
F If 7 and 3 are both factors of a number, then |\lil is a factor 2) Leet 
of the number. “ ? 
e If 10 is a factor of anumber, then 2 and || are 5 — 
factors of the number. 
u_ If 6 and 5 are factors of a number, then 30, 15, and lll are 2,3, or io : a : wy me 
also factors of the number. - Z ers 
ar 
183 3 song 
mys 
56 





Resources for Active Learning 

Modern Math Games. . ., “Prime 
Factorization,” pp. 49-50, Fearon. 
[Puzzles] (Available from Clarke, 
Irwin) 





Workbook, page 58 
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PAGES 184-185 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any top- 
ics covered so far in the text which 
they have found difficult. If no 
apparent difficulty comes to mind, 
it will probably be most helpful to 
spend this time reviewing the di- 
vision algorithm. For example, 
have children work through the 
following: 


88) 2024 
or 26) 2867 (quotient: 110 R7) 


If you prefer, you might have 
children practice rounding num- 
bers, or you might discuss area and 
perimeter before the children do 
the problems. In any case, keep the 
preparation short and lively. 


(quotient: 23) 


184 


4. Find the area and perimeter of 





1. Solve the equations. 


A oUxn= 364 
Bp 7/0+—10=n7 


c n=23-914 
p 35=n+ 287 


—e 46 = (nx 10) + 64 
rF 63 — (nx 7) =09 


2. Compute the sum, product, difference, or quotient. 
































a 5/6 B 489 c 482 dp 86 eE 804 
+985 x4 ~167 x34 —457 
1561 1956 315 2924 347 
F 583 ge 999 H 900 1 467 ys 4002 
x 26 +888 — 398 a ae —879 
15158 1887 502 107 877 3123 
k 839 En 1 O0S4 M 5) 46092 n 7)18672¢6R5 
x 207 —2769 
173673 4265 pees = 24 Al 
o 8)46 5925824 p 32)256 a 59)1416 rk 75)3075 


3. A bottle of perfume holds a little more than 


29 millilitres of liquid. Estimate the number 
of millilitres of perfume in 8 bottles. 
Z40 cm 


each figure. 
: 


A 
A=25 = 
P=20 


5 








B 
A=32 _? : 
Ps2e 








4 


8 


A=78 


5 P=38 








Discussion 
Have the children do the exercises. 
When they have finished, allow 
time for checking papers and for 
discussion of the exercises. It may 
prove helpful to have several parts 
of exercise 2 presented on the 
chalkboard and explained to the 
class. It may also be helpful to 
discuss in some detail the parts of 
exercise 4. Illustrate for the chil- 
dren why we multiply to find the 
area (pages 128-129). Most of 
them should be able to see quickly 
why we add in order to find pe- 
rimeter. 

The given equation should help 
those who want to attempt the 


Think problem. The key ideas are 
smallest number with four unlike 
prime factors. Replacing a,b,c, 
and d with the four smallest primes 
gives 2X3 x5X/7, or 210. Urge 
the solvers to share their methods 
with the rest of the class. 


1. Find the number that 





Solving Story Problems 


PIND TAB NODABBR 


is 78 more than 296. 374- 


. What number must be added 
to 346 to get 501 for the sum ? (55 


. Find the number that is 59 less 
than the product of 26 and 59. |475 


. What number must you multiply 
by 36 to get 1512 for the product 24% 0 


. Give the number that is 269 less 


than the sum of 3268, 4297, 
and 6598. |3 894 


11. 
. Find the number that is 
three times the difference 12 
of 2003 and 867. 3408 : 
. Give the number that must be 
added to the product of 46 and 13 





. Give the number that is 75 less 
than the sum of 687, 346, 928, 
467,159, 847, and 698.4057 


What number is 268 more than 
the product of 34 and 6925 ? 235 718 


What number is eight times 
twice the sum of 
6289 and 75 668 ? | Sil 312 


Find the number that Is 





1 . 
plogetaea ist 67 more than the quotient 
8. What number is six times the of 1728 and 27. 131 


m of 386, 265, 19, and 1268 ? , 
a it 11 628 14. Give the number that is 64 


9. Find the number that is twice times the sum of 326, 547, 
the product of 62 and 7864. 975 136 832, and 964. \70 Blé 


Loo 

















Using the Exercises 

During the discussion of page 
185, emphasize the key words that 
help us decide which operation to 
use for certain situations. For ex- 
ample, ‘more than” quite often 
indicates addition; “‘less than,” sub- 
traction; etc. Give the children an 
opportunity to explain how they 
decided upon a particular operation 
for a given problem. 


Follow-up 

To improve understanding of the 
differences between perimeter and 
area, give each child four 5-cm 
squares cut from colored poster 
board. Illustrate on the chalkboard 
how the four regions can be ar- 
ranged to form a figure with a 
perimeter of 8 units. (See the fig- 
ures below.) Challenge the children 
to try to arrange the four squares 
in such a way as to get perimeters 
of 10, 12, 14, and then 16 units. 
Suggest that they sketch each of 
their solutions on paper to share 
later with their classmates. En- 
courage interested children to find 
as many different arrangements for 
each given perimeter as possible. 
Some of them may even try to find 
perimeters of 9, 11, 13, and 15 
units. As solutions are shared, 
emphasize that the total area of the 
four square regions remains con- 
stant, while the various arrange- 
ments change the number of edges 
exposed. Some possible solutions 
are shown below. 


LQ_ HOO Boo 
Ha 


16 units 


“A oT oe 


14 units 


PP Ay 


12 units 


Fo Ae eee 


10 units 


HH 


8 units 
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CHAPTER 9 Fractions 


Pages 186-207 


General Objectives 


To provide a formal introduction to 
fraction concepts 


To provide experience with equiv- 
alent fractions 


To stress working with sets of 
equivalent fractions 


To provide background material 
for a smooth transition to frac- 
tional-number concepts 


To develop skills in finding lowest- 
terms fractions 


A fraction is a written symbol for 
a number pair. However, it is often 
convenient to use the word ‘“‘frac- 
tion” in place of “‘number pair,” 
and you will notice that we will 
occasionally use “fraction” when, 
actually, we mean “number pair.” 
It should be clear at all times from 
the context of the material whether 
we are speaking of the number pair 
or the symbol. Later, of course, we 
will use fractions as symbols for 
fractional numbers. Here again, it 
should always be clear from the 
context whether we are speaking 
of the fraction, the number pair, or 
the fractional number. 

Following the introduction of 
fractions and number pairs, the les- 
sons of this chapter develop further 
concepts of fractions, which culmi- 
nate in the idea of equivalent frac- 
tions. Considerable stress is placed 
upon building sets of equivalent 
fractions in order to lead the chil- 
dren toward the idea that exactly 
one fractional number is associated 
with each set of equivalent frac- 
tions, which is the central idea 
treated in Chapter 10. The terms 
numerator, denominator, and im- 
proper fraction are introduced. 
Next, a test is provided to deter- 
mine whether or not two fractions 
are equivalent. Then, toward the 
end of the chapter, the lowest- 
terms fractions are introduced; and, 
finally, children are presented with 


EISvA 


materials which provide the tech- 
niques and practice they need in 
order to gain skill in changing frac- 
tions to lowest terms. 


Mathematics 


This chapter is concerned primarily 
with developing concepts of frac- 
tions in preparation for the intro- 
duction of fractional-number con- 
cepts in the next chapter. The study 
of fractions is conceptually dif- 
ferent from the study of the num- 
bers represented by fractions (frac- 
tional numbers). You will observe 
that, except for the references to 
number pairs early in the chapter, 
essentially nothing is said about 
numbers throughout Chapter 9. 
Fractions are considered to be sym- 
bols for number pairs in the study 
of this chapter, and in. the next 
chapter they will be considered to 
be symbols for fractional numbers. 

One of the clearest explanations 
we can give for the concepts pre- 
sented in this chapter appears in 
the tables on page 187. These 
tables show that a number pair is 
associated with a given set or 
region and that a fraction is used to 
communicate this number pair. We 
might say, therefore, that this chap- 
ter is a study of number pairs used 
in a certain way and that fractions 
are the symbols we write to repre- 
sent these number pairs. 

The work with equivalent frac- 
tions is an important part of Chap- 
ter 9, since it lays the groundwork 
for the development of fractional- 
number concepts. We do not give 
a formal definition of equivalent 
fractions because such a definition 
would be too abstract for the chil- 
dren. What is intended is that the 
children recognize two fractions 
as being equivalent by picturing 
them in terms of sets or parts of a 
region. 

A formal definition of equivalent 
fractions follows. 


Two fractions 
a c 
— and — 
b d 
are equivalent to each other if 


and only ifaxd=bxXc. 


The diagrams below each exam- 
ple illustrate the equivalence rela- 
tion with regard to part of an object. 


2 and 33 


2x 12=3 x8 





Having provided the children 
with experiences in working with 
equivalent fractions, we lead them 
to build sets of equivalent fractions, 
starting with lowest-terms frac- 
tions such as 3, %, 2, etc. The fol- 
lowing sets are built from such 
fractions: 





= 1 24ae 4 5 6 tf 8 

A = {3, 7, 6> 8» 109 125 ge Phas: 
oe 2 te 1G 8 

B= SRA, ose 
ius, 5G 9 12 

O=, F330 45 eee 


Clearly, if we continue the estab- 
lished pattern indefinitely, each set 
contains an unlimited number of 
fractions. It is important to note 
that any fraction that is equivalent 
to one half is in set A (assuming an 
unlimited continuation of the obvi- 
ous pattern) and that a fraction that 
is not equivalent to one half is not 
in set A. Of course, similar state- 
ments are true for sets B and C, as 
well as any other similarly con- 
structed set of fractions. 

We list below points concerning 
equivalent fractions and sets of 
equivalent fractions; these points 
are essential to the general ob- 
jectives of Chapter 9. 


(a) The definition of equivalent 
fractions partitions the set of all 
fractions into classes. 


(b) Any two fractions in one class 
are equivalent. 

(c) A fraction from one class and a 
fraction from a different class 
are not equivalent. 

(d) In every class, there is an un- 
limited number of fractions. 

(e) Every fraction is in exactly one 
class. 

Since this chapter is concerned 
with fractions as symbols and not 
with fractional numbers, do not 
write equalities such as $=. 
Eventually, we will give meaning 
to statements of this type, but only 
when 3 and § represent fractional 
numbers. Clearly, + and 7 are dif- 
ferent fractions, but they are equiv- 
alent in that they represent the 
same number. We want the chil- 
dren to understand that pairs of 
fractions, such as } and 3, are, in 
a sense, the same; we use the word 
“equivalent” to denote this. 


Teaching the Chapter 
Materials 


Colored strips 

Crayons 

Flannelboard 

Objects for set demonstrations 
(plastic miniatures such as ships, 
planes, autos, dinosaurs, pencils, 
checkers, and so on) 

Objects to demonstrate fractional 
parts (apples, candy bars, model- 
ing clay, paper strips, cutouts, 
and soon) | 

Overhead projector (if available) 
and transparencies 

Scissors 

Tracing paper 


Vocabulary 

denominator lower terms 

equivalent fractions lowest terms 
fraction number pair 


higher terms numerator 


improper fraction 


Although most of the children’s 
previous experiences with fractions 
have consisted of work with parts 
of sets or parts of regions, most 
children will need further experi- 
ences of this type in the initial work 
for this chapter. 


In the early stages, have children 
work with concrete materials, and 
then, as they are able to think 
more abstractly about fractions, 
reduce the use of these materials. 
However, if most of your children 
still need concrete materials you 
should continue to provide them. 
Have available materials such as 
the colored strips: counters for 
work with sets and fractional parts 
of sets; construction paper for work 
with parts of regions; rulers; vol- 
ume containers which show frac- 
tional parts; number lines and charts 
for work with equivalent fractions. 

Most of the words in the vocab- 
ulary list are familiar to the chil- 
dren. We minimize use of the 
expression improper fraction in 
this development because of the 
misleading connotation of the word 
improper. Expose the children to 
the term improper fraction, but 
when possible, just use the word 
fraction for the improper fraction. 


Lesson Schedule 


Plan to cover the material in this 
chapter in about three to three and 
one half weeks. Of course, you will 
want to adjust this time schedule to 
the needs and abilities of your chil- 
dren. Some children will require 
more manipulative experiences and 
closer guidance than others. 


Evaluation of Progress 


It is not a simple matter to eval- 
uate the children’s achievement for 
a chapter such as this. While sev- 
eral important skills are developed, 
you must not underrate the impor- 
tance of a child’s acquiring the 
ability to think of a single quanti- 
tative idea for a given set of equiv- 
alent fractions. This is one of the 
key concepts of this chapter, and, 
certainly, it is difficult to test. 
Therefore, we suggest that you 
base a considerable part of your 
evaluation of the children’s achieve- 
ment on their day-to-day experi- 
ences rather than on skills such as 
changing fractions to lowest terms 
or constructing sets of equivalent 
fractions in accordance with a rule 
that they have learned. If you can 


successfully build the children’s 
comprehension of a quantitative 
sameness between pairs of equiva- 
lent fractions, they will be ready 
for the more abstract concepts pre- 
sented in the next chapter. 

Chapter and cumulative reviews 
are provided on pages 204-207. 
Use them either for evaluation of 
progress or strictly for review, as 
you prefer. 


Resources for Active Learning 
GENERAL ACTIVITIES 


A Cloudburst, Vol. 3, Nos. 3115- 
3145, Midwest Publications [ Ex- 
periments using fractions | 

Franklin Series: Patterns and Puz- 
zles, ‘““Fraction Fun,” pp. 64-67, 
Lyons and Carnahan [Games] 
(Available from McGraw-Hill 
Ryerson) 

Mathex: Numeration No. 7, “The 
Meaning of Fractions,” pp. 34- 
40 (pupil pages 27-30), Encyclo- 
paedia Britannica Publications 
Ltd. 

Notes on Mathematics in Primary 
Schools, “Fractions,” pp. 190-193, 
Cambridge University Press 
(Available from Macmillan of 
Canada) 

SMSG: Probability for Intermedi- 
ate Grades, ““Using Numbers to 
Express Probability,’ Lesson 6, 
Stanford University [Fractions 
and chance | 

MANIPULATIVE DEVICES 


Capacity Measures (Childcraft; 
Educational Teaching Aids) 

Cuisenaire Rods (Cuisenaire Co.) 

Fraction Chart (Ideal; school sup- 
plier) 

Fraction Line Set (Ideal; school 
supplier) 

Geoboards (Addison-Wesley) 


‘Invicta’’ Math Balance (Math 
Media; Selective Educational 
Equipment) 


Modulated Cut-outs (Encyclopae- 
dia Britannica Publications Ltd.) 

Unifix Fractions Kit (Educational 
Teaching Aids) 

COMMERCIAL GAMES 


Fraction Dominoes (Responsive 
Environments Corp.; Selective 
Educational Equipment) 
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PAGES 186-187 
Objective 

Given fractional parts of a 
whole, the child will be able to 
recognize related number pairs 
and use them in writing fractions. 


Preparation 
Materials 
colored strips 


Since the lesson introduces anew 
topic, proceed immediately with 
the investigation, explaining how 
the children may think of partition- 
ing the strips as mentioned below. 


Investigation 

Before children begin the investi- 
gation, point out the unit marks in 
the illustrations of the purple and 
brown strips. Help the children re- 
alize that each strip may be thought 
of as partitioned into such units, 
the 3-strip into three units, the 6- 
Strip into six units, and so on. (Of 
course, children can verify this by 
turning the strip to its uncolored 
side.) Also, point out that, although 
in the illustration of the parts of 
strips being covered the parts are 
not completely covered, the chil- 
dren should think of those parts as 
being fully covered. This idea will 
become clear to them as they actu- 
ally do the covering with their own 
strips. 

Encourage children to work in- 
dependently on this investigation. 
You might distribute duplicated 
copies of the table, or simply have 
the children copy the headings of 
the columns from the text. As you 
move around the room, ask chil- 
dren to read some of their fractions 
to you as a review. Some of the 
fractions which the children might 
use are: 

red, purple 7 

yellow, brown 3? 
black, brown ¢ 
white, light green 3 
purple, brown 4 
dark green, blue $ 
blue, orange 7% 
light green, purple # 
yellow, orange 75 
red, light green 4 
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Fractions 


Bof the parts 
are covered. 


= of the purple 
strip is covered. 


® Let’s exp/ore number pairs and fractions. 


Investigating the Ideas 





'5 of theliparts are covered. 


3 of the brown strip is covered. 


Can you use your strips and complete at least 
10 more lines of a table like this? S<e 


\nvestigation. 





7 ‘olack 
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Discussing the Ideas 


1. Cover parts of the orange strip with other strips. In this 
way, how many fractions can you show ? é, %,3,---% Gee Discussion) 


2. Cover parts of the black strip with other strips. Now what 


3 6 


i ae 
fractions can you name ? oy 7,719 


3. What strips would you use to show each of these ? 
5 yellow 
8 brown 7 black 





3 \t.green. 6 dk.green 5 yellow p 2 red ce 

5 Gellow 9 bwbiue 6 dk.green 3 it.green 8 
brown 
brown 





Discussion 

Encourage children to move 
through the discussion of exercise 
1 at a lively pace. For example, 
they might say, the red strip over 
the orange strip suggests 2 over 10, 
or 7o (read: two tenths); the yellow 
strip over the orange strip suggests 
7o (if a child calls this one half, ac- 
cept his answer but elaboration on 
this point would be untimely). 
Work through exercise 2 similarly, 
pointing out how a number pair can 
be expressed as a fraction. 

Have children use their strips to 
show each part in exercise 3. You 
might also show a few of these frac- 
tions with demonstration materials 


or with transparencies for the over- 
head projector, using shapes simi- E 
lar to those at the top of page 187. 


SOR PE BOLE OT ga Oe ele ia. 


= 
2 





Follow-up 

Direct children to draw illustra- 
tions and write a fraction for each 
of the following conditions. 


Using the Ideas 





[E] 


4 objects colored, 7 objects in all 
3 objects colored, 5 objects in all 
8 objects colored, 12 objects in all 
6 objects colored, 10 objects in all 








This type of activity might also be 
done by using actual counters and 
yarn or string. For example: 


oo [4 
OO 


Onn OS ES 
@o 
@ @ 


12 counters, 3 circled with yarn 
10 counters, 7 circled with yarn 








Each row of the table refers to one of the pictures (a through s) 


alk Resources for Active Learning 
above. Give the missing pictures, numbers, or fractions. 


Mathematics in Modules, FI, 
Addison-Wesley. 


Workbook, page 59 






2 of the strip is colored. 









of the ele are blue. 


= c of the triangle is red. 

















2 of the figure is colored. 


= ¢ of the objects are purple. 
3 c of the objects are colored. 
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Using the Exercises 

Encourage children to work the 
exercises on page 187 on their own. 
However, you may ask some chil- 
dren to name the fraction they think 
of for a few specific examples. 
When the children finish, carefully 
check and discuss each exercise. 


Assignments (page 187) 
Minimum: 1-10, oral. 
Average: 1-5, oral; 6-10. 
Maximum: All. 
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PAGES 188-189 
Objectives 

Given fractional parts of a set, 
the child will be able (1) to use a 
fraction to express this part and 
(2) to identify the numerator and 
denominator. 


® Let's find out more about fractions. 


Discussing the Ideas 





1. a Did Billy catch 2 of the number of fish caught ? Yes 
Explain your answer. ©2¢ Discussion. 


Billy’s Father's 
fish fish 


s Did Gary eat 2 of the pizza? No 
Explain your answer. See Discussion. 





Preparation 

To prepare for this lesson, you 
might review material studied in 
the previous lesson. For example, 
exhibit figures or sets of figures 
with some parts shaded, similar to 
those on page 187; then have the 
children give the various number 
pairs and fractions associated with 
them. 








Gary's parts David's parts 
of the pizza of the pizza 
| 
2. Draw five small circles. NUMERATOR 
Color three of them red. ~ Ee 
+ DENOMINATOR 


a What fraction of the circles are red ? z a 5 aS 
s What does the numerator of the fraction tell ? steden ta ree et 9 


c What does the denominator of the fraction tell ? 
The total number of circles inthe set 


3. What fraction of the children in your room are girls ?Answers will vary 


What denominator did you use ? What numerator ? {2 “'e5 * 


Discussion 

One of the important points to em- 
phasize in this lesson is that, when 
we consider fractional parts of a re- 
gion, we are thinking about the re- 
gion as divided into parts of the 
same size; on the other hand, when 
we consider fractional parts of a set 
we are merely considering a partic- 
ular subset which has a given nu- 
merical property, but the objects 
in the set need not all be the same. 
For example in exercise | A, each of 
the five fish is 4 of a set of five 
items. But Billy’s 2 of the fish prob- 
ably weigh less than the other 2 of 
the fish. Thus, when we consider a 
fraction of a set of objects, we are 
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concerned only with the number of 
objects, not with the size of the ob- 
jects. However, in exercise 1B, al- 
though Gary ate 3 pieces and David 
ate 2, Gary’s share is less than 
David’s. Help the children realize 
that when we consider a fraction 
of a region or of a single object, 
we are concerned with the size of 
each part and with the number of 
parts. If we speak of an object as 
being divided into fractional parts, 
such as fifths, we must have all 
parts of the same size. 

In exercises 2 and 3, stress that 
the numerator represents the num- 
ber of parts of a region or of a set 
we have; the denominator repre- 


sents the number of equal-size 
parts into which the region has 
been partitioned, or the number of 
items in the set being considered. 








Mathematics 

Note that numerator and denom- 
inator are defined as numbers, 
whereas our basic definition of 
fraction is as a symbol. Note that 
the numerator is the number, the 
whole number, represented by the 
numeral above the line; and the 
denominator is the whole number 
represented by the numeral below 
the line. It is important that we de- 
fine numerator and denominator as 
numbers because later, in our work 
with computation involving . frac- 
tional numbers, we will speak about 
multiplying numerator times de- 
nominator or numerator times nu- 
merator, etc. 


Using the Ideas 









What fraction of the childrenin ~~ 


this group are girls ? 2 
B What is the numerator of 
this fraction ? 3 


What fraction of the children in 
the group wear glasses ? + 

B What is the denominator of 
this fraction ? 5 


What fraction of the pencils in this 


set are red? + 
=> fl 


B What fraction of the pencils 
in this set are green ? + 





Follow-up 

Provide children with set material 
or felt cutouts and a flannelboard 
and let them handle materials to 
describe fractions you list on the 
chalkboard such as 4; #; $; 4; 4; and 
so on. Emphasize that within a sin- 
gle object or region, the parts must 
be the same size. Ask the children 
to choose subsets of a given set or 
parts of a region or object to repre- 
sent fractions that you have writ- 
ten. Assignment cards similar to 
the following would also provide 
beneficial experiences with frac- 
tional concepts: 


4. a What fraction of the post is painted ? 2 
B What fraction of the post is not painted ?+ 
c Give the numerator and denominator of 


| the fraction in exercise 4s. 
Numerator —13; denominator -4 


5. What fraction of the way from 
one post to the other has the 
tightrope walker walked ? 2 








6. What fraction of the window must be 
replaced ?¢ 





7. If 2 more window panes had been broken, 
what would be the numerator of the 
fraction in exercise 6 ?2 


Cut out a set of 24 small triangles. 
Color 4+ of them red. 
Color 4 of them blue. 
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Color 3 of them yellow. 
Do any remain uncolored? If so, 
how many? 








which is divided into sixths (hence, 





Using the Exercises 


Have the children do the exercises 
on page 189. When they have fin- 
ished, allow time for checking pa- 
pers and discussion. 

Note that exercises 1, 2, and 3 
have to do with sets of distinct ob- 
jects; exercises 4 and 5S have to do 
with whole objects considered indi- 
vidually. Exercise 4 can be thought 
of as work with measurement or 
with a region, and exercise 5 can 
be thought of merely as work with 
measurement. Exercises 6 and 7, 
concerning panes of glass, can be 
considered both as region problems 
and as set problems. The children 
can consider this as one window 


the region concept) or as six sepa- 
rate window panes (hence, the set 
concept). Of course, the answers 
will be the same either way inas- 
much as each of the six window 
panes is the same size. 


Assignments (page 189) 
Minimum: 1, oral; 2-4. 
Average: 1-7. Maximum: I-7. 


Duplicator Masters, page 42 
Workbook, page 60 
Skill Masters, page 42 
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PAGES 190-191 
Objective 

Given fractional parts of an ob- 
ject or of a set, the child will be able 
to give a pair of equivalent frac- 
tions to describe them. 


® What are equivalent fractions? 





Investigating the Ideas 


Preparation 

Review with the children the way 
the strips were used in the first les- 
son of this chapter. For example, 
remind the children of the way the 
orange strip when covered by the 
purple strip matched the fraction 
45. Or, ask them what strips match 
the fractions 3, 2, +, and so on. 
Then explain that in this investiga- 
tion the purple strip will be thought 
of not only as partitioned into four 
units but into. other numbers of 
units as well. 





E 


the purple strip divided equally in other ways. 


456 
Voor How many more fractions that tell what part oe 
Investigation 

Study with the children the in- 
vestigation illustration of the three 
ways of thinking of the red and pur- 
ple strip. Help the children realize 
that each illustration represents a 
different way of partitioning the 
purple strip; and that there are still 
other ways of thinking about the 
partitioning. Since the fraction they 
are working with, 3, is the most fa- 


See 
Investigation. 


of the purple strip is covered can you find ? 











Discussing the Ideas 


A pair of fractions that suggest the same number 
of objects in a set or the same part of an object 
are called equivalent fractions 


1. Use the idea in the Investigation and give some fractions 


equivalent to 4. 2 3 4-« 


miliar to them, they should be able 2. a Explain what you might be thinking (“o. aneeeee 
to find many fractions that tell what if you said, ‘75 of the dots are pink.” aoa se 
part of the purple strip is covered. p Explain what you might be thinking (oe © 6 ©) 
However, some children may need if you said, “f of the dots are pink.” -aaEuees 


c Explain why 3 is equivalentto %. =~ 20) Oe =: 


to be stimulated by such questions 
See Discussion. 


from you as: “What fraction would 
you use if you thought of the purple 
strip as 100? as 50? as 40? as 8? 
as 10? as 400?” and so on. Note 
that, since children are asked to 
imagine these different divisions of 
the purple strip, manipulation of the 
strip itself is not necessary; the il- 
lustration in the text should be suf- 
ficient guidance for most children. 
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Discussion such as 6, 9, 12, 24, or 30. For both 
One of the principal aims of this fractions, + and 4, stress that the 
lesson is for children to recall same amount of the larger strip is 
that two different fractions may covered, no matter which pair of 
suggest the same number of ob- numbers describes it. 
jects in a set or in the same part In exercise 2, children are asked 
of an object and that such fractions to consider a set of objects rather 
are called equivalent fractions. than a region that is covered. The 
Discuss the fractions children illustration suggests that the dots 
found in the investigation, pointing may be thought of as single dots, of 
out how, for each, the denomina-_ which 8 of 12 are colored; or as 
tor is twice the numerator. groups of 4 dots, of which 2 groups 
For discussion exercise 1, sug- of 3 are colored. Stress that, no 
gest that children think of the white matter which fraction is used, 3% 
strip (1-strip) covering the light or 3, the same number of dots are 
green strip (3-strip). Again, they colored. 
should think of dividing the light 
green strip into other partitions, 
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Study examples a and s in the first two rows of the table. 
Then copy the statement and give the missing fractions. 


Using the Ideas 














i) = is equivalent to ll. 2 





More practice, page A-17, Set 32 


Using the Exercises 
Assign the exercises on page 191 
as independent work. When the 
children finish, check their work 
and discuss several exercises care- 
fully. Stress with the children that 
in problems concerning regions, 
such as example A, although a dif- 
ferent partition is indicated, the 
same amount of region is shaded. 
Similarly, in problems concerning 
sets, such as example B, although 
different groupings are thought 
of, the same number of items are 
colored. 

All children would benefit from 
a discussion of the solution to the 
Think problem. 


191 





Assignments (page 191) 


Minimum: 1-5. Average: 1-8. 


Maximum: 1-8. 





Mathematics 
The standard definition for equiv- 
alent fractions follows. 


wa et. ! 
The fraction ps equivalent to 


the fraction i if and only if 
aXd=bxXc. 


The fact that this definition ex- 
presses the same general idea as 
does the intuitive definition given 
in the children’s text requires fur- 
ther consideration. Certainly, using 
either the intuitive definition or the 
standard definition, we can easily 
observe that a fraction is equivalent 
to itself. Consider the fraction 3. 
Two thirds is equivalent to two 
thirds because 2 X 3=3 X 2. Now, 
consider the two fractions } and ¢ 
If we write the numerator and de- 
nominator of ¢ in factored form, we 
are saying that $ is equivalent to the 
fraction 

2x2 

2XxX3y 
That is, é differs from 3 only in hav- 
ing a factor of two in both the 
numerator and the denominator. 
Hence, 2 X (2 X 3) =3 X (2X2). 
Note that the difference between 
this and 2 X 3 =3 X 2 is simply a 
factor of 2 on each side. 

It is easy to illustrate the equiv- 
alence of 2 and ¢ with diagrams 
such as those in exercises 1F and 
1G, page 193, which show the 
quantitative sameness of these 
fractions. The importance of the 
idea of equivalent fractions lies 
in the fact that it allows us to sep- 
arate fractions into large classes 
from which we can abstract the 
concept of fractional number. For 
example, we will associate just 
one number with the two fractions, 
2 and %, and we will also want to 
observe that there are other frac- 
tions for this same number, such 


i ass ge a 
aS 9,12 15- 


Duplicator Masters, page 43 
Workbook, page 61 
Skill Masters, page 43 
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PAGES 192-193 
Objective 

Given a partially shaded region, 
the child will be able to give several 
members from the set of equivalent 
fractions suggested by the shaded 
portion of the region. 


® Let’s /ook at sets of equivalent fractions. 





Investigating the Ideas 


The same amount of each strip is shaded, but 
different fractions can be used to describe it. 


Preparation 

To prepare for this lesson, review 
some of the fractions studied pre- 
viously. For example, display two 
lists like those below and ask the 
children to match equivalent frac- 
tions. 





ar 
‘Tag that the chart goes on and on without end. 


e 
Ants 


If you think about the chart, can you give eight more 
fractions in this set of fractions equivalent to 3 ?<Any 
equivalents 


Og 2m ISme I8m_ 2! e 245 27 
{3, Sah. ich.z 124 Bxy Feyd a EE . . 3 Bs Lae, 


tol Pleo tole coo alto 
color aries colds anf se 


Or, name a familiar fraction and 
ask children to respond with an 
equivalent fraction. 








Investigation Discussing the Ideas 


In this investigation, children are 
asked to study a shaded strip be- 


This chart suggests a set of equivalent fractions. {4°2> Sb 5 


Tell as much as you can about the chart and the set of fractions. 
See Discussion. 


ing divided into increasingly nu- 
merous parts. Point out how the 
first two fractions listed in the set, 
+ and €, relate to the first two strips 
illustrated in the chart. Encourage 
children to work independently on 
the investigation question, but al- 
low the sharing of ideas among 
those who find it helpful. 
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Discussion 


Use both the chart in the investi- 
gation and in this discussion sec- 
tion to stress the idea that the same 
amount of each strip is shaded (al- 
though different fractional parts are 
used) and that different, but equiva- 
lent, fractions are used to represent 
this. Point out that the second strip 
has twice as many shaded parts as 
the first, and twice as many parts in 
all; in the third strip, there are three 
times as many shaded parts and 
three times as many parts in all; 


. and so on. Referring to the chart at 


the bottom of the page, which de- 
picts one third and some equiva- 
lents of one third, ask children to 


give the name of the chart, the frac- 
tions which match the strips, and 


several fractions beyond those 
shown. Note that the appearance 
of the chart being torn at the bot- 
tom is intended to suggest that 
the chart continues indefinitely. 
Throughout this discussion, it is 
essential that you stress that all 
the fractions for a single chart rep- 
resent the same amount; that is, 
each set of equivalent fractions 
represents a single quantitative 
idea. 








1. Give the fraction suggested by each figure. 


A 
ny 
2 


wl on 


c 
2 
6 


Sina 


rE 
a 


2. Give the next three fractions in each set. 


at 


3. Study the chart and give the missing fractions. 





4. Study the chart and give the missing fractions. 








wo 
w gl pl oP 
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Using the Ideas 








> FPR 





5. Give the next three fractions in each set. 


s 


A teeter oa oe sae acyl S pee ee gav2032) 
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24 28 32 
30 35 40 


More practice, page A-18, Set 33 





Using the Exercises 

Have the children do the exercises 
on page 193. When they have fin- 
ished, allow time for discussion and 
checking papers. Lead the children 
to see how they build sets of equiv- 
alent fractions by thinking about 
different division marks for a given 
figure and a given shading of the 
figure, as in exercises 1A-1E and 
1F-1J. 

Treat exercises 3 and 4 primar- 
ily as discovery exercises. Give 
the children an opportunity to 
name the correct fractions with- 
out much additional help. 
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Assignments (page 193) 


Minimum: 1-3. Average: 1-4. 


Maximum: 1-5. 





Mathematics 

Having established the concept of 
the equivalence of two fractions, 
we can consider the set of all frac- 
tions as divided into equivalence 
classes. That is, any two fractions 
within the same class of fractions 
are equivalent. Of course, having 
divided the fractions into these 
classes, we can see that if two frac- 
tions are not equivalent they are in 
different classes. When we speak 
of sets of equivalent fractions, we 
are simply calling attention to the 
fact that the equivalence relation 
between pairs of fractions actually 
divides the set of all fractions into 
equivalence classes. 

It is important also to note that 
there is an unlimited number of 
fractions in each of the equivalence 
classes. For example, in the equiv- 
alence class containing 3, there are 
the fractions %, #, 7s, 7, and-so on 
endlessly. This idea of dividing the 
fractions into equivalence classes 
leads us to the concept of frac- 
tional number in Chapter 10. 


Follow-up 

Provide children with additional 
practice with sets of equivalent 
fractions by duplicating worksheets 
with exercises like these: 










In each row, the fractions suggested 
by the figures are equivalent to each 
other. Write these fractions. 





Ee ee 
0 (+0) 
PEEEEEEE YE TITT TLE 














Resources for Active Learning 

Discovery, Section II, Unit 13/5, 
Encyclopaedia Britannica Edu- 
cational Corp. 





Workbook, page 62 
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PAGES 194-195 
Objective 

Given a few fractions from a set 
of equivalent fractions, the child 
will be able to give several other 
fractions in that set. 


Preparation 

To prepare for this lesson, you 
might have the children turn back 
to page 192 and again point out 
how in both illustrations the second 
strip shows twice as many shaded 
parts and twice as many parts in 
all; and the third strip shows three 
times as many shaded parts and 
three times as many parts in all. 
This idea is the basis for the con- 
tent of this lesson. 


Investigation 
For this investigation, you might 
want to divide the class into small 
groups and encourage the children 
to study the given set of equivalent 
fractions and explain to each other 
how the fractions relate to the illus- 
trations. Then they should work to- 
_gether to build the set for 4. If you 
prefer, study the illustrations and 
their related fractions with the chil- 
dren, pointing out the factor 2 in 
the numerator and denominator of 
$4 and the factor 3 in 334. You 
might suggest to some children 
that they build a chart for 4, using 
strips like those shown on page 
192. However, it is intended in 
this lesson that children develop 
the skill of finding sets of equiv- 
alent fractions arithmetically, by 
using factors, rather than by de- 
pending on illustrations. 
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®@ How can you build a set of equivalent fractions? 


Investigating the Ideas 









Double the number 
of shaded parts. 
Double the number 
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Can you use this idea to give 5 more fractions 


for this set and to build a set of equivalent 
fractions starting with $? See Investigation 





and Discussion. 


Discussing the Ideas 


1. What set of equivalent fractions does this set of pictures 


td 


suggest? {4,2,3,%)--- 


a) 


2. Can you explain how to find some more fractions 
for this set of equivalent fractions ? See Discussion. 
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Discussion 

In this lesson, children would ben- 
efit from a demonstration of build- 
ing a set of equivalent fractions. 
First, have volunteers explain how 
they built a set of equivalent frac- 
tions for $. Write these examples 


on the chalkboard: 


1x4 2X4 3x4 4x4 5x4 
ix Speed ie Sue AS XS 


x 
i Ree teee F128 ETE MES 
5 10 15 20 25 














Develop other sets similarly, us- 
ing the discussion exercises as ex- 
amples. Such examples should help 
children realize that these sets of 


equivalent fractions are built by 
multiplying both the numerator and 
denominator of a given fraction by 
the same number, increasing the 
number by one for each successive 
equivalent. 





Triple the number 
of shaded parts. 
Triple the number 
of parts in all. 








Give the missing fractions for exercises 1, 2, and 3. 
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4. Give the next three fractions for each set. 
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5. Give the missing numerators and denominators to form 


sets of equivalent fractions. 























Using the Ideas 
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%* 6. Give the missing numerator or denominator so that the 
fraction will belong to the set. See Using the Exercises. 
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Using the Exercises 

Have the children do the exercises 
on page 195 independently. Note 
that children are not required to 
show the pattern that they use but 
simply the new resulting fraction. 
However, some children might find 
it helpful to write the patterned de- 
velopment (as shown in exercises 
1, 2, and 3) for all exercises. For 
those who want to try starred exer- 
cise 6, explain that the illustrations 
represent a chart with a middle sec- 
tion missing; the ragged edges rep- 
resent not only missing fractions 
but also a set which continues 
indefinitely. 


Assignments (page 195) 


Minimum: 1-4. Average: 1-5. 


Maximum: 1-6. 





Mathematics 

The method of building a set of 
equivalent fractions from a given 
fraction is a direct consequence of 
the definition of equivalent frac- 
tions stated in the mathematics 
section for pages 190-191 of the 
student text. This consequence 
can be stated formally as follows. 


If ; is any fraction and k is a 


nonzero whole number, then a is 
b 
lent;to)=: GENE 
equiva Axe 

To show this, we need only apply the 
definition of equivalent fractions and 
observe thata x (b X k) =b X (a Xk) 
for all whole numbers a, b, andk where 
neither b nor k is zero. 

Note that in applying this theo- 
rem we do zot multiply the frac- 
tional number a by 1. In fact, at 
this point, multiplication for frac- 
tional numbers has not been dis- 
cussed or defined. Thus, we simply 
apply the theorem which is made 
plausible to the children by the 
examples in their book. Later, 
when multiplication of fractional 
numbers has been defined, we can 
show that multiplying the numer- 
ator and denominator of a fraction 
by the same nonzero whole num- 
ber is equivalent to multiplying the 
fractional number by 1. 


Follow-up 

Suggest that the children choose a 
set of counters such as 12, 18, 20, 
24, 30, 36 and show them as a set 
of equivalent fractions. For ex- 
ample, with 18 counters, a group- 
ing such as the following may be 
described as: 


VES) HEEB Ws 


OOo 2600 08 
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DD 9090 06 
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Workbook, page 63 
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PAGES 196-197 
Objective 

Given a pair of fractions, the 
child will be able to determine 
whether or not they are equivalent. 


Preparation 
It would be suitable to begin im- 
mediately with the investigation, 
but, if you prefer, you might try 
to help children realize the impor- 
tance of being able to recognize 
whether two fractions are equiva- 
lent. For this purpose, write the 
following group of fractions on the 
chalkboard: 

{bo 4. dott 8 te, 
Ask the children to identify any 
fractions which do not belong in the 
set. Since +is familiar to them, most 
should see that 4, $, and * do not 
fit in the set for 3. Then point out 
that it is not always so easy to see 
whether two fractions are or are 
not equivalent (for example, 45 and 
<, or 2 and 33). The lesson should 
help them discover a check for 
equivalent fractions. 








Investigation 

Encourage the children to work in- 
dependently on this investigation. 
However, make sure they under- 
stand which numbers they are to 
multiply. Do not let the children 
be satisfied that they cannot find 
two fractions whose cross products 
are different until they have multi- 
plied every fraction at least once 
by another. The children might not 
anticipate that the answer to the 
investigation question is negative; 
but, in working through this ques- 
tion, they should discover that the 
products of the numbers in the rings 
are equal when the two fractions 
are equivalent. As they discover 
the pattern, stress that they are 
working with pairs of equivalent 
fractions. 
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Find the product 
of the numbers 
in each ring. 


196 








Discussion 

The three points made in the chart 
shown in the discussion section re- 
late building a set of equivalent 
fractions to the check for equiva- 
lent fractions. In part 2, stress that 


both are built from the fraction +. 
Then use part 3 to help children 
observe that the numbers in the 
numerator of one fraction and the 
denominator of the other fraction 
are the same as the numbers in the 
denominator of the first fraction 
and the numerator of the second 
fraction. In the given example, the 





® When are two fractions equivalent? 


Investigating the Ideas 


Pick any two fractions from a set of equivalent fractions. 


4\ 0 85en 6 8 
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Can you pick two fractions from the set above 


so that the products of the numbers 
in the rings are different? SOz twwestigation. 





Discussing the Ideas 


Explain each part of this poster by using another pair 
of equivalent fractions. See Discussion. 


Two fractions (like 2 and 4) are equivalent when they: 


[1] Show the same 
part of an object. 


[2] Can be “‘built’”’ from 
the same fraction. 


[3] Have the same 
cross products. 








numbers inside the blue ring are, 
in order, 2, 1, 7, and 3 and those in- 
side the red ring are, in order, 2, 
3,7, and 1. Explain that the product 
of the numbers in the red ring and 
the product of the numbers in the 
blue ring are called cross products. 
Use several examples to “‘prove” 
that, given two fractions which are 
equivalent, their cross products are 
equal. For example, show 


> (2 hy 
or pot, =< 
<p) Soy 


and ask: ‘“‘What is the product of 
the numbers ringed by the dashed 
lines? of those ringed by the solid 
lines? Are the products the same?” 








Follow-up 

Most children will benefit from a 
worksheet which provides practice 
in checking for the equivalence of 
fractions. One such as the follow- 
ing would be suitable: 


Using the Ideas 


1. For each exercise, write the two fractions that are suggested by 
the shaded parts of the two regions. Then, by looking at the 
pictures, tell whether or not the two fractions are equivalent. 








Use the cross-product method to de- 
cide whether or not the two fractions 








are equivalent: 
1 DOE TEL cee. Wis: 
- 1005 2 5. 30> 4 
> 3 _75 6 HERS JON 
“- 45 100 - Bs 10 
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2. Find the product of the numbers in each ring. 


ee ey "ro 


Is each pair of fractions from this set of equivalent fractions ? Yes 


Duplicator Masters, page 44 
Workbook, page 64 
Skill Masters, page 44 
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3. Which pairs are equivalent ? 


iene ey 


The figure below shows a 
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@) 2 io 7 14 O35 | house floor plan. Drawa | 
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roe 8 6 © 8 | path to show where you will || 
C52 G 32 15’ 20 = 
5 as Bite . be if you start inside and, dee 
Dias @) 9 3 © 6 21 : use each door exactly once.” H 
Circled parts are equivalent. Is there an even or@dd> e 
% 4. Find the number for 7 so that Fy number of doors? ? wae * 
the fractions will be i would you end if the number || 
equivalent. Poot: doors were even? Inside : 
32 © 5 a | 19. | |e t 
A 28 C io, 3 E 30 3 
eS 124 3402 3 Z| 
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More practice, page A-18, Set 34 187 











Using the Exercises 
The exercises on page 197 empha- 
size the fact that, given two equiv- 
alent fractions, the cross products 
are equal and, given that the cross 
products of two fractions are equal, 
the two fractions are equivalent. 
It is important for children to 
realize that if the two cross prod- 
ucts are the same, then the frac- 
tions are equivalent; if the two 
cross products are not the same, 
the fractions are not equivalent. 
If you imagine the figure in the 
Think problem to be a rectangular 
polygon, it is an application of the Assignments (page 197) 
same idea as that suggested by the Minimum: 1, 2,3A-H. 
Think problem on page 71. Average: 1-3. Maximum: 1-4. 
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PAGES 198-199 
Objective 

The child will be able to use both 
proper and improper fractions to 
express lengths of objects in terms 
of various units. 


Preparation 
Materials 
colored strips 

No specific preparation is nec- 
essary for this lesson. However, 
you might want to review the mean- 
ing of the terms numerator and de- 
nominator; familiarity with this lan- 
guage is important in the present 
discussion of improper fractions. 


Investigation 

This investigation is similar to that 
on page 186. However, notice with 
the children that here they are not 
covering one strip with another; 
rather they are comparing one strip 
to another. Thus, a longer strip may 
be compared to a shorter strip, 
whereas it would be awkward, if 
not meaningless, to ask how much 
a shorter strip is ““covered by” a 
longer strip. Making comparisons, 
however, serves as an effective 
means of introducing improper 
fractions. 

Encourage children to study the 
investigation section and then try 
to find and record the fractions 
that compare the other strips to 
the yellow strip. 


white to yellow: 

red to yellow: 

light green to yellow: 
purple to yellow: 
yellow to yellow: 
dark green to yellow: 
black to yellow: 
brown to yellow: 
blue to yellow: 
orange to yellow: 


als ae aloo a alos aera aes uilrs oe 
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Can you use your strips to find 


fractions that compare each 
strip to the yellow strip ? 
See 








® Can fractions be used for comparison? 


Investigating the Ideas 


Fractions can be used to compare the lengths of strips. 
What is the missing fraction below ? What are some fractions 
that compare the other strips to the light green strip ? 


The unit 

4 as long as the unit 
2 as long as the unit 
3 as long as the unit 


i, as long as the unit 


Record the 
fractions 


that you find. 
Investigat 





Discussing the Ideas 


The spring is} as long as the unit. Its length is 3 unit. 
Explain how to find a fraction for the length of each object. Pato 


NS Coretta 











Discussion 

Before discussing the illustrations 
in the discussion section, have chil- 
dren give some fractions which they 
wrote in the investigation. Point 
out in particular how a comparison 
may be expressed by a fraction in 
which the numerator is the larger 
number. This idea is progressively 
developed in the discussion sec- 
tion. Children must be able to un- 
derstand why it is possible to have 
= or $ of a unit. 

Work through the illustrated ex- 
ercises carefully. We are using frac- 
tions here to compare lengths; for 
example, in order to compare the 
spring with the unit, we use the 


fraction +. (We would say that the 
spring has a length of one-fourth 
unit.) Stress with the children the sequ- 
ence of fractions (1/4, 2/4, 3/4, 4/4, 5/4, 
and /4) which results from comparing 
the various objects with the unit. 











> Fractions that have the numerator equal to or greater than 
the denominator are sometimes called improper fractions. 


1. Give the fraction for each exercise. 


a The purple strip is |llll as = 
long as the yellow strip. 


B The blue strip 
is lll as long as 2 
the red strip. 


2. Give an improper fraction that compares each object 
with the unit. The denominator of each fraction is given. 





3. Give a fraction that compares 
the number of shaded parts to 
the total number of parts. 


A 
3 
4 


hl 0 


abe 





ho 


Using the Exercises 

Assign the exercises on page 199 as 
independent work. Exercises | and 
2 are similar to those the children 
worked with on page 198. Exer- 
cise 3 uses the children’s under- 
standing of fractions to introduce 
the idea of zero as a numerator. In 
exercise 3D, zero of the shaded 
parts are compared to the total four 
parts, so zero is the numerator and 
the fraction is $. 

Most children will be able to 
guess that part 3 of the Think prob- 
lem gives the greatest number of 
the three. However, by setting the 
problem up as follows, they can 
compare the factors and see with- 








Using the Ideas 


1:99 





out computing that part 3, the num- 
ber of minutes in a week, is the 
greatest number of the three. 
12+-60°X'60 =? 
2. 24 xX 365=? 
3. 60 X 24x 7=? 

or (60 X 7) X 24=? 

so 420 x 24=? 


Assignments (page 199) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 


Workbook, page 65 
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PAGES 200-201 
Objective 

The child will be able to give the 
lowest-terms fraction for a given 
fraction that is not in lowest terms. 


Preparation 

To prepare for this lesson, you 
might review building sets of equiv- 
alent fractions. For example, write 
1/2 3....and ask the children to 
name the next three or four frac- 
tions in the set. Point out that % is 
equivalent to $<4 and 75 is equiv- 
alent to 34, and write the frac- 
tions the children give you in a 
similar manner. However, do not 
introduce the relationship of lowest- 
terms fraction to the factors of the 
numerator and denominator; this 
will be explored in the investiga- 
tion. The purpose of your review 
should be to reinforce the concept 
of building sets of equivalent frac- 
tions; it is intended that children 
explore on their own how to find 
lowest-terms fractions. 





Investigation 

For this investigation, it would be 
appropriate to have the children 
work in groups of two or three. 
Direct them to think of building 
the set of equivalent fractions for 
each fraction given. If any children 
have difficulty with the first three 
fractions, you might suggest that 
they think of finding the missing 
factor. To help individuals with the 
last three, you might point out that, 
in the previous fractions, factors 
common to numerator and denom- 
inator were used. A common fac- 
tor of 4 and 8 is 4, so thinking of 
a might be a help in finding the 
lowest-terms fraction. For those 
who finish oe suggest other 


fractions, such as 7s, is, 35, a5. 


200 


sof 
wis 
ols 


1 


fraction for 3. 
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See Discussion. 


Investigating the Ideas 


When you build a set of equivalent fractions, 
you start with a lowest-terms fraction. 


Io 
3 6 3 12 15 
re 8’ 12’ Bis 20: 0 


Can you find the lowest-terms fraction that 
was used to “‘build” each of these fractions ? 
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Discussing the Ideas 


9=3 
15 


Book 


I See 
12.2.3 


90+10 9 
120=10 ~ 12 
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Discussion 
Have children explain how they 
found the lowest-terms fractions 
in the investigation. In particular, 
discuss the fractions $,§, and 3%, 
asking children to explain how they 
found a common factor and how 
they used it. 

Work through the example in 
discussion exercise 1 and show 
this relationship: 


Sige Fe oem 
peoeaxs 5 
oie GIS Bei 
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15 15% Spe 85 


Have the children observe that to 
find the lowest-terms fraction for 


+; we divide the numerator and de- 
nominator by the greatest common 
factor of the two numbers. Stress 
this same concept as you work 
through exercise 2. Here, note that, 
although 10 is not the greatest com- 
mon factor of 90 and 120, dividing 
by it simplifies the fraction to a low- 
er-terms fraction which can be fur- 
ther simplified. 

Use other examples to show how 
factoring can be helpful in finding 
lowest-terms fractions. For exam- 
ple,,,. write a%,0%,, and $f, and. ask 
children to identify the factors and 
the greatest common factor of each. 
Then they should try to find equiv- 
alent fractions in lower terms until 


vl 


1. Explain the method shown here for finding the lowest-terms 


2. Sometimes you may need to use more than one step to find 
the lowest-terms fraction. Explain open step shown in 
finding the lowest-terms fraction for 33. See Discussion. 


a 


3. Use some lowest-terms fractions and some fractions not 
in lowest terms to explain the following. 


® How do you find lowest-terms fractions? 


alu 


Sample answers: 5 = ced = % (No common factor greater than |) 


= (4 is acommon factor, so 4 is 
not in lowest terms.) 











1. Give the lowest-terms fraction 
for each fraction. The sets of 
equivalent fractions may help. 
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3. Give the lowest-terms fraction for each of the following. 
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4. Find the greatest common 
factor of the numerator and 
denominator; then give the 
lowest-terms fraction. 
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. Tell whether or not the fraction is in lowest terms. All the 
factors of the numerator and denominator are given in red. 
aA 12{1, 2,3, 4, 6, 12} 
Ra 51, 3,5, 15) 


sp 10{1,2,5, 10} 
Yes 9 (1,3, 9} 

c 6 {1,2,3,6} 
Yes 35 (1,5, 7, 35} 
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More practice, page A-19, Set 35 





ve>1841, 2, 3,6, 9,183 

e 15{1,3,5,15} 
Yes 16{1, 2, 4, 8, 16} 

recait. 2, 3, 4,68, 12, 24) 
No 27 {1, 3, 9,27} 






Using the Ideas 
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the only common factor is one, as 
in 


20 


Et GSB 
21 
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Encourage children who volun- 
teer a rule for finding lowest terms 
when the greatest common factor 
of the numerator and denominator 
is not one, but do not require use 
of a rule by all the children. 


Using the Exercises 

On page 201, note with the chil- 
dren that in exercise 2 we list the 
factors for the numerator and the 
denominator and that all they need 
do is to check to see whether the 
greatest common factor is one. Dis- 
cuss the exercises when the chil- 
dren have finished. 

If the children examine the set 
of fractions equivalent to 4, they 
can find the solution to the Think 
problem through trial and error. 


Assignments (page 201) 
Minimum: 1-3 A-H. 
Average: 1-3. 
Maximum: 1-4. 





Follow-up 
Worksheets similar to the follow- 
ing will provide children with fur- 
ther practice with lowest-terms 
fractions. 


Give the lowest-terms fraction 
for each set. 





2 Sera 5 6 ft 
459 6585105125 14 





2 3 4 5 6 7 
© 125 185 249 305 365 42 





2 3 4 5. 6 7 
145 215 285 359 429 49 
14 21 28 35 42 49 
165 245 325 405 485 56 








2 3 4 5 6 7 
209 305 405 50> 605 70 





6 3 8 10 4 9 
129 69 165 20> 85 18 





5 9 Z 4 HO?» 14 

159 279 69 125 305 33 
7 9 2 1 6 5 

* 709 905 205 1009 603 50 
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More capable children may be 
ready to determine that a fraction 
is in lowest terms by inspection, 
simply by observing that the nu- 
merator and denominator do not 
share any common factors. They 
can be expected to handle the fol- 
lowing types of exercises: 


Circle the lowest-terms fractions. 


Build a set of six equivalent 
fractions. 
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Duplicator Masters, page 45 
Workbook, page 66 
Skill Masters, page 45 
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PAGES 202-203 
Objective 

Given word problems, the child 
will be able to use his understand- 
ing of fractions to solve the prob- 
lems. 


Preparation 

It would be helpful to review both 
checking equivalent fractions, and 
expressing fractions in lowest 
terms. For example, ask children 
to give the lowest-terms fraction 
for each of the following: 


6 
18 


N\- 


40S ee 
15 169159 


Then ask children to use the cross- 
product method to see whether the 
fractions are equivalent. 
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Fraction Short Stor 


10 children. 8 girls. 

A What fraction of th 
children are girls ? 6 

sp Give a different fraction 

he 





to tell what part of t 
children are girls. = 


the wa 





the wa 


5 groups of 4. How 
many are blue ?!5 





¢ 
Y 35 apples. 






(()) § of the children wea 
XY Less than 6 children. 
many wear boots ? 2 
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B Climb up % of 


3 out of each 4 are blue. 


2 of the apples are rotten. 





2 


Give two fractions to tell 
ya | 
what part are home runs. 5 > = 


Expos, 7. White Sox, 5. 
What fraction of the runs 
did the White Sox score 7? 


Pie cut into eighths. 6 pieces eaten. Give 


two fractions for the part that was eaten. <° 5 


10-metre rope. 
a Climb up § of 


c Climb up 4 of the way. 
y. How far 2 mHow far ? 5 m 
p Climb up 2 of the way. 
y. How far ?? mHow far? 4 m 


20 children. ? of these children 
are boys. How many are boys ?!5 


2 out of each 5 are missing. 
7 groups of 5. How many 
are missing ? !4 






How many are rotten ? 
14 


“fd 


r boots. 
How 


24 blocks to school. Run 

2 blocks and then walk 

1 block all the way to school. 
Give two fractions to tell 
what part of the way is 


covered by running. $ » 22 


~—_ 


24 





Discussion 

Have the children do the problems 
on page 202. When they have fin- 
ished, allow time for discussion and 
checking papers. You should take 
particular care to help the children 
think about the sets involved rather 
than about any specific operation. 
For example, multiplication of ra- 
tional numbers should not be men- 
tioned as exercise 7 is discussed. 
Rather, you should elicit from the 
children the fact that knowing that 
3 of the children are boys allows 
them to conclude that 3 out of each 
group of 4 are boys. Hence, they 
should observe that the 20 children 
can be thought of as 5 groups of 4, 


and 3 of each group are boys; three 
times five is 15, so 15 of the 20 chil- 
dren are boys. 


Assignments (page 202) 
Minimum: 1-5. Average: 1-8. 
Maximum: I-11. 

















Fraction Puzzlers 


2nd Puzzler 


The shaded square region is 

+ the size of the large square 
region. Trace the large square 
and cut on the dotted lines. 
Can you arrange the pieces 
to form 5 small squares ? 





Using the Exercises 

The puzzles on page 203 should 
be treated with a light touch. For 
the first puzzle, a hint may be given 
by explaining that if a red dot is 
drawn in the lower right-hand cor- 
ner of each figure, the completed 
figure will show 4 red dots at the 
centre. If the third puzzle seems 
too difficult, suggest that a “stained 
glass” window could be made by 
drawing the diagonals and by con- 
necting the points where the hori- 
zontal and vertical perpendicular 
lines hit the edge. 


Assignments (page 203) 
Minimum: Any one puzzle. 
Average: Any two puzzles. 
Maximum: All puzzles. 


Solutions, Fraction Puzzlers, 
page 203 
1. 


ee 


2. The four small triangles can be 
placed on the four trapezoids to 
form four additional squares as 
shown below. 





















































Incorrect 
solution 


Correct 
solution 


Note that, although other solu- 
tions are possible, building a square 
from the midpoints of each of the 
interior segments does not yield a 
correct solution. 


Resources for Active Learning 
Developmental Math Cards, 
H?19, Addison-Wesley. 





Workbook, page 67 
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PAGES 204-205 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Review with the children any of 
the chapter topics with which they 
have had particular difficulty. Since 
the most important topics in the 
chapter concern equivalent frac- 
tions, you should make a special 
effort to review the concept of 
equivalent fractions and the build- 
ing of sets of equivalent fractions. 
You will want to provide additional 
practice on finding lowest-terms 
fractions if your children are weak 
in this skill. 


204 














1. Give the fraction suggested by the shaded part of each region. | 
B c | 
5 =s 
2. Give the fraction suggested by the shaded part of each set. 
*“S @@eod Boe@e cs Ae 
io@ B @ od 57@e@0 AC 
@®@eo LLRs 
3. 


Give an improper fraction that compares each object with the unit. 
The denominator of each fraction is given. 











4. Each of these figures a 

suggests two fractions.#>2 
What are they ? 

5. Give the fraction suggested by the shaded divisions of each rod. 
ete ae |. = aod pane ae 
<p 
gc 
&b 
° 
re 

6. What can you say about the five fractions you wrote for exercise 5 ? 


Te 


They ave equivalent. 
If a first fraction is equivalent to a second and the second is equivalent 


to a third, what can you say about the first and third fractions ? 
They are equivalent. 


204 





a enn et 


Discussion 

Have the children do the exercises 
either for your use in evaluation or 
have them work through the exer- 
cises with two or three classmates 
as a review. Stress particularly 
those exercises which treat the 
building of sets of equivalent frac- 
tions; this is important background 
for the development of the concept 
of fractional numbers explored in 
the next chapter. 

Encourage those children who 
finish the exercises quickly to try 
the Think problem. You might sug- 
gest that they make a chart to show 
the heights which the ball reaches 
after each bounce. Children might 


also use rubber balls or tennis balls 
and actually measure and record 
the heights reached by the ball as 
it bounces after being dropped from 
various heights. 


Follow-up 

To stress sets of equivalent frac- 
tions, you might ask children to 
build and display charts which 
show sets of equivalent fractions. 
For example, they might use a 
rectangle with dimensions 10 by 15 





8. Give the missing fractions for each set. 


12 z : 
248 a, 18 12 B, 2%, pe centimetres and show the set 3/4. 
Lot Z) 4 40 6 7 o4 
gr Cc, 24 327 D, 48, 56 E, . 2 
9. Tell whether or not the two fractions are equivalent. 
5 48 Oye 6 8 
A ior 100 No B 20,4 Yes C 9 i0 No D 57 2 No E ito 40 Yes 


10. Build a set of equivalent fractions (about 8) for each 
of the following lowest-terms fractions. See Answers, T.E. page 205. 


a 3 1 3 Z 
pe Bed ae D 10 E 3 F 


NI 


11. Give the lowest-terms fraction for each of the following fractions. 
Some are in lowest terms already. 





18 —_ 42 10 L 8 2 ft 12, 
A 2 Bamcms os £88 - BF S ideo 4 ES 
42 8 & 32 16 12 & 3 a 2 : 
($2 5 8% « 3% e¢ is 3 mize on eB ox pe 103 Some might even try to find a way 


of showing that the amount shaded 
12. Jim said, ‘Exactly 3 of the children in the 7 illustration is the same as 
in my class are girls.” that in the # illustration. (One meth- 
a If there are only 4 children od is to cut out the 7% and put them 
in Jim's class, how many on the } piece. The ninth twelfth 
of them are girls? 3 will have to be cut in half to show 
B How many are girls if there that 7 can exactly cover 4. 
are just 8 children 


Pe hoainca2 Answers, exercise 10, page 205 


Se 
2, 














c How many are boys if there 4 Gt 8, | TOMES Fane 
are 12 children in the class ?3 B { EP pe ee pes er 

7 4, 8, 12 1G. SOl ee 28s tae 

po Could there be 10 children Cc { eek See een a 
Bs woes > 5 it, 15 20-25, 50, 85. 40 
in Jim's class ? No j Ppof8> 65 V8 Naa 15 is) eee 

eE Could there be 10 girls 10, 20, 30, 40, 50, 60, 70, 80, 





in the class ? No 





E { 7 14 21 28 35 42 49 56 
25 4; 9 6 8) LO 12S 4a eG 
F {+ Ba 2) 16: 205 245 28" 132 
on 4 2d 28) 35 4249) eG 





205 








Workbook, page 68 
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PAGES 206-207 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any top- 
ics with which they have had spe- 
cial difficulty thus far in the text. 
Since the children have just finish- 
ed working with material in which 
number theory is particularly im- 
portant, you may find it helpful to 
place special stress on writing a 
composite number as the product 
of primes (using factor trees, per- 
haps), finding the least common 
multiple of two numbers, and find- 
ing the greatest common factor of 
two numbers. 


206 








1. Find the sums, products, differences, and quotients. és 
a 697 Bp 642 c 8)376 p 57 eE 19)114 F 6003 
+867 x9 x 62 —2764 
1564 5778 3534 3239 
i Copy and complete each factor tree. is - se 
A lll x {ll x 7 Bb’ 5k 203k? e {itl x {i > UM > TM 
ar | fi he 
é |i x = iM7 10 |i! x — [ile io fl x 21 
a 4 ee sy 4 
42 i 210 





eO 


3. Write the numbers at the bottom of each tree in 


42=2x3x7 


exercise 2 as the product of prime factors. GO=5x2x3x2Z 


A 
B 
c 
D 


=Z2x5x3x7 


List the multiples of 12 (up to 60). cols eee aaeee 
List the multiples of 9 (up to 60). {°.9.'8,27,36,45,543 
List the common multiples of 12 and 9 (up to 60). 0,36 
What is the least common multiple of 12 and 9? 3@ 


5. What is the least common multiple of 4 and 6 ? 12 


6. Give the letters of the following exercises in which figures 4,8.0 
are os aie In the other exercises, tell which noe is a 
I lll Se 





5 elidel. 
ore PMotide Hi =e a 


mee 





Discussion 

The exercises on page 206 should 
be assigned as independent work. 
You might have volunteers put 
parts of exercise | on the chalk- 
board, to help children review work 
with algorithms. 

For page 207, you will probably 
want children to work together. 
For example, after children write 
a story problem for exercise 1, they 
should share their problem with 
four or five others and each of the 
group should then work out each 
others’ problems. Give all of the 
children a chance to try to solve 
some of the more imaginative and 
well expressed problems that have 


been written. You should stress 
that a variety of problems are ac- 
ceptable, although more capable 
children may find some of them 
easy. For exercise 1, the obvious 
problem would be: How long does 
it take a bicycle to travel 104 kilo- 
metres at the rate of 13 kilometres 
per hour? Another child, observing 
that the bicycle is almost half the 
way from City A to City B, might 
make up this problem: The bicycle 
has gone 52 kilometres. How much 
farther does it have to go? Such a 
problem is acceptable though you 
should point out to the child that 
his problem does not make full use 
of the data given about the speed. (It 





EE 





Follow-up 





Suggest that each group of children 
make up at least 3 problems or task 
cards related to each story prob- 


lem in the text. Remind them that 


Whiting Problema the answers should be recorded 


but kept separate from the prob- 


Each picture below suggests a problem. Study the picture carefully; 


then write and solve your own problem for the picture. 
Sample problems are given below. Numerous variations may be acceptable. 






13 kilometres per hour — 








City A 
How long does the bicycle trip take ? 104+(13= 8h 


104 kilometres 


5 hours 





3340 kilometres 


Vancouver 
At what speed does the airplane travel 7 3340-5 6é8km/h 





Toronto 





3. 


i: <— 88 kilometres per hour fi 


City E 37 hours ————————————__-- Cty F 
Wheat isthe distance between the two cities? 37%88 =3256kKm Y 









—> 45 kilometres per hour 





London 


5850 kilometres 
How long does the voyage take? §850+452]30h 


5. a h— 220 kilometres i 310 kilometres —+ 















City C 800 kilometres City D 


How far apart are the car and the bus? 800-(Z220+310) = aie 





is not always necessary to use all 
the data!) 


lems themselves. 
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CHAPTER 10 


Fractional Numbers 


Pages 208-225 


General Objectives 


To introduce fractional numbers 

To provide a transition from sets 
of equivalent fractions to frac- 
tional numbers 

To introduce the fractional-num- 
ber line 

To establish the fact that each 
whole number is also a fractional 
number (that the set of whole 
numbers is a proper subset of the 
set of fractional numbers) 

To introduce equality and inequal- 
ity for fractional numbers 


The opening pages of this chapter 
are devoted to teaching the follow- 
ing concept: associated with each 
set of equivalent fractions there is 
exactly one fractional number and 
one point on the number line. Since 
length is a number, the concept 
of many names for one fractional 
number is introduced in the first 
lesson through a study of length, 
for a chosen unit of measure. The 
second lesson extends this con- 
cept by showing that a set of equiv- 
alent fractions not only represents 
one fractional number but also that 
this number may be associated with 
a single point on the number line. 

Following this introduction of 
the fractional-number concept, the 
idea that fractional numbers may 
be named by any one of the frac- 
tions from the set of equivalent 
fractions for that fractional num- 
ber is presented. Next, equality 
and inequality for fractional num- 
bers is introduced, and material is 
provided to give practice in work- 
ing with these ideas. Then, fraction- 
al numbers greater than one are 
introduced, followed by word prob- 
lems, ratio and scale drawing, and 
their relationships to fractional 
numbers. 

Note that at no point in this 
chapter do we state exactly what 
a fractional number is. Basically, 
we treat a fractional number as an 
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undefined concept. Thus, for frac- 
tional numbers, we associate one 
number with each set of equivalent 
fractions, and then use any of these 
fractions to name the number. 


Mathematics 


Building the fractional-number con- 
cept from fractions (number pairs) 
is very much like building the car- 
dinal-number concept from sets. In 
the earlier Investigating School 
Mathematics texts, we began to 
develop the concept of cardinal 
numbers by establishing an under- 
standing of equivalent sets. Next, 
children were led to think about 
classes of equivalent sets and then 
about the cardinal number associ- 
ated with each class. For example, 
they learned to associate cardinal 
number two with the class of sets 
that are equivalent to: 


Am) 


The equivalence of the sets in 
this class is illustrated as follows: 


EEN 


Just as we abstracted cardinal 
number two from the class of sets 
illustrated above, so can we ab- 
stract fractional number one half 
from this class of equivalent frac- 
tions: 





ioe PER en oa ae See 

As you saw in the last chapter, 
we Can start with any lowest-terms 
fraction and imagine an infinite set 
of equivalent fractions. With each 
of the equivalent sets, we associate 
a different fractional number. The 
number line is very effective for 
illustrating these ideas. For exam- 
ple, the number-line charts on page 


210 of the children’s text demon- 
strate that for each set of equiva- 
lent fractions there is one and only 
one fractional number. As _illus- 
trated in the following figure, ex- 
tending the number line and label- 
ling fourths help give meaning to 
improper fractions and correspond- 
ing fractional numbers. 


|e 
[to 
Py 
ris 





The number line also helps illus- 
trate that each whole number can 
be considered a fractional number. 
That is, the set of whole numbers 
is a subset of the set of fractional 
numbers. 

Although we think of exactly 
one number for a given point on 
the number line (and exactly one 
point for a given fractional number), 
we may label the point with any 
fraction from the set {4, 2, 3, 4, %, 
aie ete 

The fact that each fractional 
number has many different names 
(any fraction in the set) leads us to 
consider the concept of equality for 
fractional numbers. When we write 


tole 
I 
| 


we are indicating that 4 and ¢ rep- 
resent the same fractional number. 
Obviously, this would indicate al- 
so that the fractions are equivalent. 
Keep in mind, however, that 


tole 
oj 


is to be considered as a statement 
about numbers, not about fractions. 
In general, we say that 


S18 
QUIS 


a é 
means that — and — name the same 


b d 
fractional number. 
Again we observe that: 


EEE 


Two fractions name the same 
fractional number if and only if 
they are equivalent. 


Therefore, 
f= “if and only ifaxXd=bXc 
5 git@ nly ifa = c. 


If we wish to compare two frac- 
tional numbers such as 3 and 2, we 
could easily arrive at § < 3 by con- 
sidering the physical interpreta- 
tions from which the fractions 2 
and % arise. Several examples will 
make the following definition seem 
plausible. 

Bane. ; 

b > if and only ifa x d>bxc. 

Consider these examples. 
Example 1 

* >a; since 3 x 14°>'8 x 5 
Example 2 

3 < $since9X6< 154 
Using the number line or some 
other physical representation, we 
could make the preceding exam- 
ples seem obvious. Also, we could 
find fractions with common de- 
nominators for the two fractional 
numbers. The inequality becomes 
obvious when we do this. Consider 
example 2. Since 74 = 46 and 4= 323, 
it is clear that 7%<¢ because 
48 < 20. 

Although it may be inconvenient 
to use physical objects or the num- 
ber line to consider the inequali- 
ty in the preceding example, such 
interpretations for certain simple 
pairs of fractions will aid the chil- 
dren. Foz example, to show that 1/5 < 
1/4, we could use a number line or some 
physical object. Keep in mind that such 
demonstrations should facilitate under- 
standing of the definition with respect 
to the generally accepted notion of 
“‘less than’’ and ‘‘greater than.”’ 





Teaching the Chapter 


Materials 


Centimetre ruler 

Colored strips 

Figures, such as squares and cir- 
cles, showing fractional parts 


Maps, particularly highway and 
road maps 

Number lines, for demonstration of 
fractional numbers 


Vocabulary 


fractional number 
ratio 
scale drawing 

Just as with the words number 
and numeral, correct usage of the 
terms fraction and fractional num- 
ber may sometimes be awkward. 
The term fraction normally refers 
to one name, or one way of express- 
ing a fractional number, whereas 
the term fractional number is the 
undefined mathematical idea asso- 
ciated with a set of equivalent frac- 
tions and corresponding to one 
point on the number line. The use 
of the terms in the text should 
help children develop correct us- 
age themselves, but precision of 
usage should not be overempha- 
sized. In many cases, it will be 
more meaningful to children if you 
say fraction when you really mean 
fractional number. The develop- 
ment of the concepts involved 
should lead to intuitive under- 
standing of the terms from their 
context. 

Encourage children to continue 
using concrete materials or picto- 
rial representations for as long as 
they want. Children will usually 
put these materials aside naturally 
when the abstractions become a 
part of themselves. 


Lesson Schedule 


Plan to cover this chapter in about 
three-and-a-half to four weeks. 
Naturally, your schedule should be 
adjusted to the needs and abilities 
of your children. 


Evaluation of Progress 


Evaluating children’s achievement 
for this chapter may be more dif- 
ficult than for any other chapter in 
the text. We do not expect the chil- 
dren to aquire great efficiency in 
particular skills in this chapter. 
The primary subjects of evalua- 
tion should be the children’s under- 
standing of the general concept of 


fractional numbers, their relation 
to whole numbers, and their loca- 
tion on the number line. Of course, 
associated with this is the concept 
of equality and inequality for frac- 
tional numbers. The best method 
for such evaluation is daily obser- 
vation of the children’s responses 
and participation in discussions. 

Keep in mind that it is not ex- 
pected that all children will com- 
pletely master fractional-number 
concepts during this exposure. We 
do, however, expect most children 
to gain a feeling for a number con- 
cept associated with a set of equiv- 
alent fractions. Do not be overly 
concerned if some children have 
difficulty grasping this idea. These 
children can continue to study frac- 
tional numbers without fully ab- 
stracting the idea of equivalent 
fractions. 

Pages 222-223 can be used for 
evaluation or for review and diag- 
nostic purposes. Pages 224-225 
review concepts taught in previous 
chapters. 


Resources for Active Learning 


GENERAL ACTIVITIES 


Mathex: Numeration No. 7, 
“Equivalent Fractions,” pp. 41- 
45 (pupil pages 31-41), Encyclo- 
paedia Britannica Publications 
Ltd. 


MANIPULATIVE DEVICES 


Cuisenaire Rods (Cuisenaire Co.) 
Fraction Chart (Ideal; school sup- 


plier) 

Fraction Line Set (Ideal; school 
supplier) 

“Invicta” Math Balance (Math 
Media; Selective Educational 
Equipment) 


Map Measurer and compass 
(Edmund Scientific; Math Media) 

Modulated Cut-outs (Encyclopae- 
dia Britannica Publications Ltd.) 

Unifix Fractions Kit (Educational 
Teaching Aids) 


COMMERCIAL GAMES 


Fraction Dominoes (Responsive 
Environments Corp.; Selective 
Educational Equipment) 
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PAGES 208-209 
Objective 

Given one of the colored strips 
as the unit of length, the child will 
be able to name several equivalent 
fractions for the length of another 
strip. 


Fractional Numbers 


@ Can fractions be used to represent length? 


Investigating the Ideas 


After a unit is chosen, the length of the red strip does not 
change, but different fractions can be used to represent it. 


Preparation 
Materials 
colored strips 

Since the strips are clearly illus- 
trated in the text, most children 
will not need to use them in the 
investigation. However, many may 
want to use them as you discuss the 


other examples suggested in the The length The length The length 
discussion section. ’ of the red 2 of the red 4 of the red & 
Unless you prefer to review strip is 3 strip is 6 strip is 9 


building sets of equivalent frac- 


tions, have the children begin 
immediately with the investiga- ee ; 8 10 12 14 16 
Aan Can you write five more fractions that | 12’ '5’ 18° Zi’ 24 

; ir represent the length of the red strip? |See Lnvestigation. 
Investigation 





It would be appropriate for chil- 
dren to work through this investi- 
gation in groups of two or three, 
reading and studying the text mate- 
rial together. Stimulate their ex- 
change of ideas with questions such 
as, ‘Does the length of the red strip 
change in each picture?” (No) 
“When we ask ‘How long’ an ob- 
ject is, how do we express its 


Discussing the Ideas 


1. What can you say about the set of fractions that represent 


the length of the red strip in the Investigation ? 
They all belong to one, set of equivalent fractions. 
2. After a unit is chosen, the length of a strip does not change. 


That length is a certain number. 

a_ lf the white strip is the unit, what might we write 
to represent the number that is the length of the 
yellow strip ? = 


length?” (By a number) ‘“‘What do 
you notice about the three ways the 
text shows for expressing the length 
of the red strip?” (They are all 
from the same set of equivalent 
fractions.) ‘‘How would you give 
the length of the red strip if you 
thought of the unit green strip as 
having 12 parts?’ (8) ‘15 parts?” 
(10) Questions such as these should 
help the child not only to write 
five other equivalent fractions, but 
also to attain a firmer grasp of the 
concept that all of these equivalent 
fractions represent the same num- 
ber. 


208 


208 








Discussion 

This lesson develops one of the 
most important ideas of the chap- 
ter. Children are familiar with the 
idea that, once a unit of length is 
chosen, one number matches that 
length, no matter how it may be 


expressed. In this investigation, 
children use many equivalent frac- 
tions to tell how long the red strip 
is when the green strip is the unit. 
Thus, they are building the concept 
that all of these equivalent fractions 
represent one number idea. 

In discussion exercise 1, stress 
the fact that any fraction which 
expresses the length of the red strip 
when the light green strip is the unit 


dark green strip? S or 3 


s If the purple strip is the unit, what might we write 
to represent the number that is the length of the 


3 





must belong to one and only one 
set of equivalent fractions and that 
any fraction from that set expresses 
the same number idea. 

In exercise 2, stress the idea that 
all fractions which belong to one 
set of equivalent fractions repre- 
sent one fractional number. 

Note that exercises 2A and 2B 
deal with the improper ee 
Tee ey pant (en, 45 3, s 

cole Bene discussing these ex- 
ercises, however, it would be help- 
ful to use other examples of proper 
fractions, such as “If the yellow 
strip is the unit, what might we 
write to express the bebe of the 
light green strip?” ({#, 2%, 7%,...}) 





Using the Ideas 


1. Give five equivalent fractions that can be used to represent 


the length of each strip. (Use the purple strip as the unit.) 


A ee. 3 
Zz’ 24,3 








° 
$e 
oN 
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al 
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. Suppose the orange strip is the unit. Name the strip whose 
length is represented by the fractions in each set. 


Lee eee ae : LS 2 Sere 

A {io 20° 307 40: : -} White c {3, 4.6 8: | Yellow 
7 oll: Rage TS Mtoe A 8 6 

B {6 Torts, 120 a; Purple D {2 Tor 1s, 38 ra +, Brown 


1. What fraction is in: 
(A) the 3rd row and 


the 5th column ? g 
Think of the (B) the 165th row and a 
table as the 348th column ? 343} 
going on 2. Do you think every fraction | 
(except those like $) 
is somewhere in this table? | 


without end. 





Using the Exercises 
Depending on the needs and abil- 
ities of the children, assign the ex- 
ercises on page 209 as independent 
work or use them as the basis for 
further discussion. © 

When you discuss the Think 
problem, help the children see that 
all fractions are in this table and 
we can locate any fraction by 
matching the row number with the 
numerator and the column number 
with the denominator. Be sure that 
all children who attempt this prob- 


lem can distinguish between rows Assignments (page 209) 


and columns. Minimum: 1, oral. 
Average: 1, oral; 2. 
Maximum: 1-2. 





Mathematics 

The use of the strips to represent 
length in this lesson involves a very 
subtle transition from the idea of 
fraction to that of fractional num- 
ber. We take the point of view that 
length is a number; if we were to 
say that the fraction } compares the 
red strip with the unit (the green 
strip), we would be working with 
the fraction concept. When we say, 
“The length of the red strip is two 
thirds,” we are moving from the 
concept of two-out-of-three parts to 
the concept of a number which indi- 
cates how long the red strip is when 
the green strip is 1. Then the con- 
cept of many names for this num- 
ber is developed: this length of the 
red strip can be represented by a 
complete set of equivalent frac- 
tions generated from imagining 
the green strip partitioned in dif- 
ferent ways. 

Throughout this chapter the term 
fractional number is used repeat- 
edly. Although each fractional 
number is also a rational number, 
the term fractional number is pre- 
ferred at this level. Rational num- 
bers include the set of all fractional 
numbers as well as the negatives 
of all the fractional numbers. The 
term fractional number refers only 
to the set of positive rational num- 
bers and zero. 


Follow-up 

Exercises such as the following 
should reinforce the concepts treat- 
ed in this lesson. 


1. Name six fractions which ex- 
press the length of the yellow 
strip when the black strip is the 
unit. 

2. Name six fractions which ex- 
press the length of the light 
green strip when the dark green 
strip is the unit. 


Resources for Active Learning 

Developmental Math Cards, H22, 
Addison-Wesley. [Fractions and 
weight] 
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PAGES 210-211 
Objective 

Given a set of equivalent frac- 
tions, the child will be able to think 
of one fractional number and find 
the point on the number line for the 
number. 


Preparation 

To prepare for this lesson, review 
the building of sets of equivalent 
fractions beginning with the lowest- 
terms fraction of a set. For exam- 
ple, give the children the fraction 
+ and ask them to list five more 
members in the set. Note that a list 








9 3.0 > ahs 300 
such as (ohare ce tome caer 
is as correct as {%, 4, 42, 35, 18, 


. ..}. Remember, also, to keep the 
preparation brief and lively. 


210 


. Pat is thinking of a fractional number. Explain how she might 


@ What are fractional numbers? 


Discussing the Ideas 


ve found the point on the number line for her numb f. 
uaa ht ngve ‘thougit rit aividi ng the unit into Dern ares and then 


. Jim is thinking of a fractional number. Explain how he might 


have sR SOR RPS IDSs umber eine fOr Is HUE nae an 
counting off 3 of the parts. 


. How can you find which set of equivalent fractions goes 


See Discussion. 


with point a on the number line ? 


210 


Discussion 

This discussion section might be 
thought of as an extension of the 
previous lesson. The point of em- 
phasis is stated by the headings 
in the chart: ‘‘For each set of equiv- 
alent fractions, we think of one 
fractional number and one point 
on the number line.” As you work 
through the discussion exercises, 
help children realize that the par- 
titioning of the unit relates to the 
set of equivalent fractions. For 
example, in exercise 3, children 
should realize that the unit has 
been partitioned into sixths and 
that point A corresponds to ¢. If 
some children ask what a fraction- 








For each set of equivalent fractions there is one fractional 
number. Give the point (a, B, or c) for the given fractional 
number in questions 4 through 7. 


‘LZ. >. 

5 EE: nee 
<  —. 
7 EE < s ; 








al number is, point out that it is 
the number idea we think about for 
a given set of equivalent fractions. 
Just as we do not define whole 
number, neither do we define frac- 
tional number. 



















Give the correct point for the fractional number that 


is indicated by the set of equivalent fractions. 


a 


10. 


























More practice, page A-19, Set 36 


2 ae eee one eee 

















Using the Ideas 
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Using the Exercises 

When children finish the exercises 
on page 211, ask them to explain 
how they reasoned to arrive at the 
correct point for the fractional num- 
ber for each set of équivalent frac- 
tions. Although, in most instances, 
children will have used the lowest- 
terms fractions to locate the cor- 
rect point, they should be aware 
that the entire set of equivalent 
fractions is associated with that 
point. 

Discuss any solutions to the 
Think problem for the benefit of 
all interested children. If no child 
solves it, you might display the 
following table on the chalkboard 


or overhead projector so that chil- 
dren can organize their guesses. 























ze 
Guess 5S 
Boys: B+ B 5+5=10 
Girls: (B+ 2) X 2 (3) ap 2A) SY 
ea A 
Boys + Girls | 10+ 14 ¥ 40 
(Sum = 40) (Try again!) 





Assignments (page 211) 
Minimum: 1-6. Average: 1-8. 
Maximum: I-10. 


Mathematics 

This lesson continues to stress the 
mathematical development of the 
key fractional-number concepts. 
The chart at the top of page 210 
illustrates the ideas. Notice that the 
left column shows a set of equiv- 
alent fractions, in which the three 
dots indicate that we are consider- 
ing the set of all fractions equiva- 
lent to the first, or lowest-terms, 
fraction in the set. The second col- 
umn shows a child thinking about 
exactly one number for each set of 
equivalent fractions. The third col- 
umn indicates that for this one 
number there is exactly one point 
on the number line. Thus, there are 
three distinct things to be consid- 
ered: the set of equivalent frac- 
tions, the fractional number (which 
is undefined), and the point on the 
number line for that fractional 
number. 

As we have mentioned before in 
discussing concepts of fractional 
numbers, it is not unusual to leave 
undefined the idea of number. It is 
important that the children under- 
stand that there is a certain quanti- 
tative sameness associated with all 
the fractions ina given set of equiv- 
alent fractions, but we do not at- 
tempt to say exactly what a frac- 
tional number is. 

We do not need to know what 
whole numbers are or what frac- 
tional numbers are in order to work 
them. It is necessary to have a gen- 
eral feeling for the ideas, symbols 
to represent them, an intuition 
about the quantitative size of num- 
bers (locations on the number line), 
and some rules (basic principles) 
to guide us in computing with them. 


Resources for Active Learning 
Developmental Math Cards, J+19, 
Addison-Wesley. 


Workbook, page 69 
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PAGES 212-213 
Objective 

The child will be able to name 
the fractional number for a point on 
the number line by giving one of 
the fractions from the set of equiv- 
alent fractions representing the 
point. 


Preparation 

To prepare for this lesson, you 
might briefly review the check for 
equivalent fractions. For example, 
write pairs of fractions on the 
chalkboard and ask children to tell 
whether or not they are equivalent 
and to explain the reasons for their 
answer. 


2 14 Equivalent because 
3221 3X 14=2 X21 

4 15 Not equivalent because 
Si ie 5x 15#4~x 25 

eS: Equivalent because 

3’ 24 3X 8=1 xX 24 


oi? 


®@ How are fractional numbers named? 


Discussing the Ideas 


You have learned that for each set of equivalent fractions 
there is exactly one fractional number ang one point on 


the number line. 


In order to talk and write about fractional BE 





we need names (symbols) for them. We agree that: 





. As you can see, each fractional number has many names. 


To show this, give six fractions for this sentence: 


“Ill” names the PacHorg number that David 


is thinking about. $.2,2,5.2.4 


. To show that two fractions name the same fractional number, 


wwe write an equation: 
3 names the fractional number for this set. 


js names the fractional number for this set. —. > 
Wewrite:§ = i 0 1 


Oa 
Write some equations using fractions that f 
name the fractional number for the point above the red arrow. 


=£,2= %)> etc. 
the lowest- jenna fraction is the most commonly used name 
for a fractional number. Choose some fractional numbers 


212 





and give the lowest-terms fraction that names each. 
Answers will vary. 





Discussion 
This lesson develops not only the 
idea that we can use any fraction 
from a set of equivalent fractions 
to name the fractional number for 
that set but also that when we write 
a statement that uses equality be- 
tween two fraction symbols, we 
are stating that these two fractions 
name the same fractional number. 
Another point to stress during this 
discussion is the customary use of 
the lowest-terms fraction to name 
a fractional number, as noted in 
exercise 3. 

Also, during this discussion, em- 
phasize for the children that, when 


‘two fractions are equivalent to one 


another, they name the same frac- 
tional number. Of course, this is 
true since we associate with a set 
of equivalent fractions exactly one 
fractional number. Hence, if two 
fractions are equivalent, they be- 
long to the same set of fractions. 
It is for this reason that the chil- 
dren should see that in order to de- 
cide whether or not two fractional 
numbers are equal, they can use 
the cross-products check for equiv- 
alence of fractions. 





Using the Ideas 


1. Give fractions to name the fractional numbers for the points 
over the red arrows. The denominators are indicated. 


Fourths —> 
Eighths —> 


rt k 

. °o 
ee 
Sixteenths > Ficts % is Gti HSK 


Thirds — 


A 
Sixths >-n 
0 





A 
0 2 me, 
Twelfth +S % pets 


2. Give three other names for 


each fractional number. 
3 c 2 6 





same fractional number ? 


Write three equations. 
eB ie fe & 3 
1 ‘~ a ‘ 
6 3 8-45 45 
4. Give the missing numerator 
or denominator. 





ie 2 2 4 
A A Saat FlG 
1 — Iho 3. 299) 
Bion 100 2 7 = Het 


More practice, page A-20, Set 37 














check exercises 3 and 4. It is in- 
tended that children work these 
exercises with understanding, not 
by mechanically following a rule. 


Using the Exercises 

You might choose to use exercise 
1 on page 213 as a basis for discus- 
sion. Make sure that the children 


see the relation between the num- 
ber lines for the fourths, eighths, 
and sixteenths and that they realize 
that the same number is named by 
three different fractions. For exam- 
ple, point A (3), point D (%), and 
the point for +4 all correspond to 
one fractional number. Also, note 
with the children that the whole 
numbers 0, 1, and 2 may all be 
thought of as fractional numbers. 

Stress the importance of under- 
standing the method of checking 
equivalent fractions when you 


The children will need to think 
about multiples of 7 in order to 
solve this Think problem, since 
every 7 days it will be Tuesday 
again. Thus, since 10 = 7+ 3, an- 
swer A is 3 days from Tuesday, or 
Friday. 

SO =4{R KT) ETS 
so answer B is | day from Tues- 
day, or Wednesday, and so on. 


Assignments (page 213) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 





Workbook, page 70 


PAGES 214-215 
Objective 

Given two fractional numbers, 
the child will be able to determine 
which is greater. 


Preparation 
Materials 
colored strips 

It would be appropriate to begin 
immediately with the investigation, 
omitting specific preparation. How- 
ever, if you prefer, you might re- 
view the terms numerator and de- 
nominator and the fact that the 
lengths of strips depend on a cho- 
sen unit. It would also be helpful 
to review the meaning of the in- 
equality signs: > (greater than) and 
< (less than). 


Investigation 

Have children work on this inves- 
tigation in groups of two or three. 
However, each child should keep 
his own record of inequalities and 
strips. To help them do this, du- 
plicate or exhibit for copying a 
table similar to the following: 














= 
Top Bottom 
Strip Strip Inequality 

i aesceed east 
yellow red 2>Zo0r¢>4 
white purple |%<~¢or4<#? 
black light ee OU gee 








green 





It might be necessary to remind 
children that each strip must be 
seen in relation to the unit, and its 
length expressed as a fraction, be- 
fore arriving at an inequality state- 
ment. 


214 








0 


214 





Discussion 

Use the table suggested in the in- 
vestigation section as a basis for 
discussing some of the inequalities 
the children found. Make sure chil- 
dren are reading the inequality 
signs correctly. For each of the 
exercises, ask children to give rea- 
sons for their choice. For example, 
when we consider the regions in 
part A, we see that more of the 
first region is shaded than of the 
second, so we think 4+ must be 
greater than ?. In part B, we can 
compare the distances of the points 
from zero: since 4 is not as far from 
zero as %, then 4+ must be less 
than # 


Can you use the unit shown and other strips 
to write some more inequality statements ? 


Investigating the Ideas 


Here are two inequality statements 


[eee] 







2 
+ 8 


ae 





@ Which of two fractional numbers is greater? 





List the 
strips used. 





See Investigation. 





Discussing the Ideas 


[a] Think about parts of a region: 


a ab NG 


[8] Think about the number line: 


HEL EE 
2 


[c] Think about fractions with the same denominator. 


2 ilk 2] because &> $. 
> 


1 





PZ 


Finally, observe with the chil- 
dren that in part C, if the fractions 
have the same denominators, they 
can simply examine the numerators 
and determine the correct inequal- 
ity. For example, by inspection 
they know that 3% is greater than 35; 
hence, they can Say that 3 is greater 
than + because 2 is the same frac- 
tional number as 3, and 3 is the 


PF 
same fractional number as 35. 


4 lil 3} because 3 < ¢ 


Here are three more ways to tell which of two fractional numbers 
is greater. Choose the correct symbol (>, <) and explain how 
you made your Choice. See Discussion. 


DP 











eee ks an inequality for each aes: 





2. Use the number line to give the correct sign (> or <) for each |i). 





Oe dR RELI RETR TR EET 
eGbi 8 2Q  c8Mhe oh © Hae 
3. Give the numbers for a and b. Then give the correct sign (>, <) 
for each |. 
ag-8* * oath 3 e3-%°° ~eeO 4 pogrelg, 10 og ear 
yobs => 3h 4. a 577 8 il IN ep ob. ae! lh 43 
oe Yee eet Ye ee 
4_bio * | apes 9 l “thio 
1 a5 Poa 68 aliggn t= 
sabe Teanereact Tamme Or 
ogg AEE ke eee 22 
2 bia 3 ee Le Eb 


4. Give the correct sign (>, =, or 2 for each ch i. 


a Zilli < o Silllhs< 
et w 2ilbe< 

c rib > + Slha> 
o dik = 3 4iha> 
e ils > « Sills 
e ilhe< « Sis- 






See 
1 





Using the Ideas 








More practice, page A-20, Set 38 
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Using the Exercises 

Have the children do the exercises 
on page 215 on their own or with 
one or two classmates. Make sure 
they realize that the inequalities 
presented in exercise 2 may all be 
worked by referring to the number 
line. The inequalities in exercise 3 
should be thought about in relation 
to fractions with the same denom- 
inator. The children must realize 
that by selecting fractions having 
the same denominator for the two 
numbers involved, they can com- 
pare the two fractional numbers 
simply by comparing the numera- 
tors and without using a physical 
model. 


The children will need to con- 
vert the fractions 3 and # to thirty- 
seconds in order to solve the Think 
problem. After they make the con- 
versions, the solution is relatively 
simple inasmuch as there are only 
three whole mame numerators 
between 3$ an 


Assignments (page 215) 
Minimum: 1-2, 3A-H. 
Average: 1-3, 4A-F. 
Maximum: 1-4. 


Mathematics 

In this lesson, we present informal- 
ly, through the use of pictures of 
various objects, the general con- 
cept of inequalities for fractional 
numbers. Such a concept involves 
a precise definition (which is not 
presented to the children at this 
time). Fractional numbers repre- 
sented by fractions with equal de- 
nominators are easily compared: 


a Cc 
Eg Bee 


b p if and only ifa>c. 


If the denominators are unequal, 
we can choose fractions having 
equal denominators that are equiv- 
alent to our given fractions. We 
illustrate the use of the definition 
by comparing fractional numbers 
with unequal denominators in the 
following diagram. 


% <2,and? > F 


Comparing Rational Numbers 
on the Number Line 








Comparing Rational Numbers by 
Finding a Common Denominator 





Nouce that we can compare ~ 
and +3, for example, by using the 
facts that 





2 17 17X5 
+ and 73 = 7333. 


Since 7 X 12 < 17 XS, we see that 


£< 4. In general, we note that 
pp mad & ; 
Roa and only ifaxd>bxXc 


a c a 
(where — and — are positive frac- 
b d 


tional numbers). 


Resources for Active Learning 


Mathematics in Modules, F1, 


Addison-Wesley. 





Duplicator Masters, page 46 
Workbook, page 71 
Skill Masters, page 46 
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PAGES 216-217 
Objective 

Given short story problems, the 
child will be able to solve them by 
applying his understanding of in- 
equalities of fractional numbers. 


Preparation 

For those children who experienced 
difficulty with inequalities in the 
last lesson, you might review basic 
fractional-number concepts, such 
as how to build sets of equivalent 
fractions, how fractions from one 
set of equivalent fractions name the 
same fractional number, and how 
fractional numbers may be com- 
pared as presented in the previous 
lesson. 


216 











Fractional-Number Short Stories 


Sale. 
Jim ate ; of the pie. Z Store A: 3 off. 
Joe ate é of the pie. Store B: 3 off. 


Who ate more pie ? Jim Which sale is better? 


j) 2 kilometre. 76 kilometre. 
J) Which is farther ? 2 Km 





Halfway around the track. 
Two thirds of the way around. 


Which is less ? Halfway around fy 
: Car A: finished 3 of the race. 


Car B: finished 3 of the race. 


£ Recipe 1: jo litre of milk. = Which went farther ? Car A 


QO Recipe 2: 3 litre of milk. 


wee 
Which recipe calls for more milk ? 2 8} One boat, 1am odeee 


’ Other board: {3 m. 
> Jane took ¢ of an hour Which board is longer ? 


g to comb her hair. fin bene 
Sue took 11 minutes. pe See Sa 
Who took longer ? Sue 


Orchard: 


10 + apple trees, #% peach trees, 
| T-bone steak: 480 grams. 4 pear trees, % apricot trees. 





Rib steak: jo kilogram. a Which kind of tree does 
Which weighs more ? the orchard have most of ? Pear 





bes B Which kind of tree does 
the orchard have fewest of ? 
Apricot 
Number line. 


11 





NS \ 
Point A: 38. Point B: 38. 336-page book. 


Which point is to the & Pat read 150 pages. 


left of the other? A is left of B. Joe read 3 of the book. 
Who read more ? joc 


216 





Discussion 

It is intended that children approach 
these problems in an informal, in- 
tuitive manner. It is not expected 
that any particular rules be formu- 
lated or applied. You might have 
children work in small groups to 
try to solve only four or five of the 
problems on each page. They might 
enjoy drawing pictures to represent 
the situation described in the prob- 
lem. They might want to use a num- 
ber line to associate each fractional 
number given in a problem with a 
point on the line and then compare 
the positions of the points. A few 
children may use the arithmetic 
skill of changing the given frac- 





tions to fractions with common 
denominators and then compare 
the numerators. Encourage the 
class to think through each prob- 
lem in terms of the distinct, imag- 
inable situation that it describes. 

When the children have finished, 
ask them to explain to each other 
how. they thought about each prob- 
lem they worked on. Accept a vari- 
ety of approaches to any given 
problem, so long as correct con- 
cepts are maintained. For example, 
in exercise 2, on page 217, the chil- 
dren have a choice of changing #3 
to 4 or of noticing that + hour is 
15 minutes or 43, so they can com- 
pare 4+ and 4, or 2% and 23. 











Comparing Fractional Numbers 


For each exercise, give the missing number and answer the questions. 


1. ‘bs length of the knife 
is 3 of the ruler. The 
5 erate of a second knife 
isz 5 of the ruler, 





2. One trip took 20 minutes, or 242° 
hour. A second trip took 3 aie 


Which trip took more time fa 
ZO-minute trip 





3. The sack of candy on the scale 
weighs 3 kg. Is this 5 


4. Joeran 50 metres in } of a minute 
more or less than 4 kg ?More : 


Tom ran 50 metres in 12 seconds, or 
\2 go Of a minute. Which boy ran 50 
metres in less time than the other i 
; oe 





5. This jug ist full. Would you 
have to add or pour out liquid 
to make the jug 3 full ?=.. os 





6. The length of the shoe is llc cm. 
Is the length of the shoe 
more or less than ;5 metre ?More 





7. Acamel weighs 5 tonne. A ao. 


moose weighs 400 kg, or tt. 


tonne. Which animal weighs more ?Came! 





centimetres 


More practice, page A-21, Set 39 Oe 


Although some of these prob- 
lems may appear to be multiplica- 
tion problems, they should be treat- 
ed intuitively; any reference to 
multiplication of fractional num- 
bers would be inappropriate at this 
time. 


Assignments (page 216) 
Minimum: Odd-numbered prob- Assignments (page 217) 


lems. Minimum: 1-4. Average: 1-6. 


Average: 1-10. Maximum: 1-12. Maximum: 1-7. 








Follow-up 

Problems such as those on these 
two pages should help children 
develop a creative approach to 
problem-solving situations. You 
might want to try other methods 
of developing such creativity. If 
so, present the class with a variety 
of questions which could stimulate 
a class project; for example, you 
might ask: “If we use as our unit 
the number of years between the 
time of the Founding of Quebec 
and now, what fraction of time 
passed before the British North Am- 
erica Act was signed? before the 
Riel Rebellion? before there were 
10 provinces?” Such questions might 
stimulate children to make a time 
line, chart dates and events on it, 
and then show appropriate parti- 
tions and match dates with frac- 
tional numbers. 


Workbook, page 72 
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PAGES 218-219 
Objective 

Given a pair of numbers, the 
child will be able to write a ratio 
to compare one of the numbers to 
the other. 


Preparation 
Materials 
colored strips 


To prepare for this lesson, ask 
children to give the lengths of the 
red, the light green, and the purple 
strips when the white strip is the 
unit. These lengths, of course, 
will be the familiar whole-number 
lengths of these strips: red—#? or 
2; light green—? or’ 3;-purple=+ 
or 4. 


Investigation 

Although children are working with 
comparisons much like those pre- 
viously studied, the purpose of this 
lesson is to introduce them to the 
language of ratio. 

Read through the investigation 
with the children. Since the word 
ratio will be new to most children 
you will need to emphasize that 
ratio is a special term used in 
mathematics to compare two num- 
bers. 

Allow sufficient time for the chil- 
dren to find different pairs of strips 
that suggest a ratio of 1 to 2. You 
may wish to list the pairs of strips 
they find on the chalkboard for 
reference. There are five different 
pairs of strips: white to red, red 
to purple, light green to dark green, 
purple to brown, and yellow to 
orange. 


218 
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Discussion 
The first discussion exercise intro- 
duces two important ideas concern- 
ing ratio. The first is that a colon 
is used between pairs of numbers 
to denote a ratio. Thus, the ratio 
of 4 to 8 is written as 4:8. The sec- 
ond idea to be stressed is that the 
order of the numbers in a ratio is 
important. A ratio of 4 to 8 is not 
the same as a ratio of 8 to 4. 
Exercise 2 helps to show how 
closely the ideas of ratio are related 
to the ideas of fractional numbers. 
The fact that the red strip is # as 
long as the light green strip means 
that the ratio of their lengths is 
2 to 3. 


How many other pairs 
of strips that have 


a ratio of 1 to 2 
fi d 0ee , ; 
Can YOU TING !Tnvestigation| 


2. The red strip is $ as long as the light 
green strip. What ratio does this fact 
suggest for comparing the red strip to 
the light green strip ? 2:3 


@ What is the meaning of ratio? 


Investigating the Ideas 


Since the purple strip is 3 as long as the brown strip, 
we say the ratio of the length of the purple strip to 
the length of the brown strip is 1 to 2. 


Since the purple strip is 4 units and the brown strip 
is 8 units, we also say the ratio is 4 to 8. 


Record your findings 
by giving the ratio 
suggested by the unit 
marks on the strips. 





Discussing the Ideas 


1. The ratio 4 to 8 is written as 4:8. 
a How can you think about the strips to show 
a ratio of 8 to 4 ? Compare brown strip to purple. 
Bs How would you write the ratio 8 to 4? 8:4 


3. a What is the ratio of the number of boys to the number 
of girls in your room ?Answers will vary from class to class. 


Bs What is the ratio of girls to boys in your room ? 


Answers will vary. 














Exercise 3 gives the students an 
opportunity to apply ratio ideas to 
a familiar setting. (Of course, the 
ratios will vary with the composi- 
tion of the children in the room.) 


1. Copy the part in red and give the missing number. 


PEED 


a The ratio of the length of 
the toy bat to that of the 
big bat is 2 to |i. 3 

B The ratio of the length of 
the big bat to that of the 
toy bat is lll to lll. 3,2 

c The ratio of the length of 
the big bat to that of the 
toy bat is 36 to lll. 24 

pv The ratio of the length of 
the large fish to the length 
of the small fish is 4 to ||ill. 3 

E The ratio of the length of 
the small fish to the length 
of the large fish is || to |iill. 3.4 





2. The ratio of Father's height to Tom’s is 2 to 1. 
Father is 180 cm tall. How tall is Tom ?92em 


3. We can use ratio to compare two sets. There 
is 1 tent for every 3 boys. The ratio of the 
tents to boys is 1:3. If there are 4 
tents, how many boys are there ? !2 


4. Give the missing numbers: 





More practice, page A-21, Set 40 





Using the Ideas 











Using the Exercises 

Have children work through the 
exercises on page 219 indepen- 
dently or with two or three class- 
mates. Point out that most of the 
exercises are related to the illus- 
trations on the page. Give guidance 
to children who need it. 

Remind the children that ratio 
can be expressed in any one of 
many ways. You might suggest to 
some more capable children that 
they write three expressions for 
each exercise. 

Encourage children who have 
difficulty with exercise 2, 3, or 4 to 
draw pictures describing the ratio 
given for the troublesome problem. 





When the children have finished, 
allow ample time for discussion and 
for questions. 


Assignments (page 219) 
Minimum: 1-3, oral. 
Average: 1, oral; 2-4. 
Maximum: 1-4. 





Resources for Active Learning 
Franklin Series: Probability, ““Sam- 
ple Spaces and Events,” pp. 18- 
36, Lyons and Carnahan. (Avail- 
able from McGraw-Hill Ryerson) 
Freedom to Learn, “Ratio and 
Proportion,” p. 147, Addison- 
Wesley. 
SMSG: Probability for Interme- 
diate Grades, ‘“‘Ghosts, Goblins 
..” Lesson 12, Stanford Uni- 
versity. 


Workbook, page 73 
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PAGES 220-221 
Objective 

Given a map with a fractional 
scale the child will be able to find 
distances between specified points 
on the map. 


Preparation 


Materials 


Centimetre ruler (1 per child); mis- 
cellaneous maps 


To prepare for this lesson, sim- 
ply show a variety of maps and 
point out, for example, how a map 
showing elevation differs from a 
map showing population density, or 
how a map showing mineral or ag- 
ricultural resources differs from a 
road map. As you display road 
maps, discuss how colors and thick- 
nesses of lines show different types 
of freeways, highways, county 
roads, and so on. Then explain to 
the children that in this lesson they 
will study a road map and the dis- 
tances shown on it in relation to 
actual distances. 


Investigation 

Encourage the children to begin in- 
vestigating the meaning of the map 
scale as soon as possible. Although 
most road maps have distances be- 
tween points marked on the map, 
these distances have been omitted 
from the map shown here, so that 
the children will have to use the 
given scale to find distances. 

If you have directed the children 
to work in groups of two or three, 
suggest that each child make his 
Own measurements and then com- 
pare and discuss his findings with 
others in his group. Also, encour- 
age them to discuss the meaning 
of the phrase ‘‘as the crow flies.” 
If this phrase is unfamiliar to them, 
explain that it is an idiomatic say- 
ing which refers to a path along a 
straight line between two places. 


220 





a From Maxiville 
to Crocovile 


s From Normal to 


flies.’ 63km 


220 





Discussion 

Have children explain how they 
found the distances for each part 
of the investigation. Stress the 
meaning and use of the scale: every 
2 centimetres represent 3 kilometres, so 
1 centimetre represents 3 + 2, or 11/2 
centimetres, and so on. 

To answer discussion exercise 2, 
children must decide what bound- 
aries they would use for a map of 
their community. If you live in a 
large city, the map may show only 
the city; if you live in a small town 
the map may show neighboring 
towns or cities as well. This exer- 
cise would serve as an excellent 
group or class project. One group 


Can you figure out what the 
“scale’’ means and use your 
ruler to find these distances ? 


See Investigation. 


along route 51.30km 


Vilenfleur, along 
routes 51 and 10.48 km 


c From Crocovile to 
LeRoy, along route 150. 


po From Crocovile to 
Vilenfleur, ‘‘as the 
crow flies.” 36 km 


E From Villetaneuse to r 
La Hutte ‘‘as the crow 


Discussing the Ideas 


® Let’s explore map scales using fractional numbers. 


Investigating the Ideas 






IB km 


Scale: cm = 3 km 





1. To show that 4 centimetre on the map represents 3 kilometres 
on the earth, we wrote: 
Complete the following to show other ways to indicate 
the scale for the map. 
atcm=ilikm 6 





2 
B iilcm= 12 km 


2. What scale would you choose if you wanted to draw a map 
of your community on the chalkboard ? on your paper ? 
Answers may vary. See Discussion. 
















may use one set of boundaries and 
scale, and another group may use a 
different set of boundaries and a 
different scale. However, before 
children begin, discuss the conven- 
ience of some scales over others, 
for example, if 2 centimetres = 3 
kilometres when they measure to the 
nearest 1 centimetre they will have to 
refer to 11/2 kilometres, but if 2 cen- 
timetres = 4 kilometres, then each cen- 
timetre will equal 2 kilometres, which 
is more convenient for adding. 











. Since each segment on the map represents a certain distance 
on land, this map is drawn to scale. Use your centimetre 


ruler and give the missing numbers. 
a lf the distance 
from Blackton to 
Grayville is 2 
kilometres, then the 
distance from 
Grayville to Bell 
City is lllll kilometres.¢ 


s According to exercise A, one centimetre on the map 


means |ll| kilometres on land. } 


c Ifthe map scale is} cm = 3 kilometres, what is the distance 
from Blackton through each city, and back to Blackton ?23km 


. A How far isit from 
Red City to Midtown ? é &», 
B How far is it from 
Midtown to Ranchville ? sox, 
c Itis 20 kilometres due north 
from Midtown to Crosstown. 
How far above the 
dot for Midtown should the 
dot for Crosstown be placed ? 


. Use the scale shown on the 
map to answer these questions. 
a About how far is it from 
San Francisco to Juneau ? 
s About how far is it from “*??<™ 
Juneau to Honolulu ?4s.u¢ 
c About how far is it from 


Honolulu to San Francisco ? 
About 32c0Km 





4%00km : 





Using the Ideas 





Using the Exercises 


Have the children work on the 
exercises on page 221 on their 
Own or in small groups. Stress the 
importance of measuring carefully and 
of approximating when necessary (as in 
exercise 3). As with previous problem 
sets using fractions, children should 
use an intuitive approach. For example, 
one approach to exercise 1C gives these 
results: measurement shows the round 
trip to consist of 151/2 cm. For 4/2 cm, 
we think 3 kilometres. In 15 cm, there 
are 30 half centimetres, which repres- 
ent 3 X 30, or 90 kilometres. The re- 
maining 4/2 cm gives us 3 more 
kilometres or 93 kilometres in all. 


Assignments (page 221) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-3. 





Follow-up 
Children will benefit from work 
with actual maps. Official road 
maps of your province can be ob- 
tained from your provincial high- 
way department, tourist information 
centres, and gasoline stations. Try 
to assemble enough maps from 
several different sources so that 
there is at least one map per pair 
of children. Direct the class to find 
and use the scale for their particu- 
lar map. They should also learn to 
use the grid system to locate a giv- 
en city or point of interest, learn to 
“tell directions” on the map, and 
learn to use the map key to deci- 
pher the symbols used on the map. 
You might also suggest that they 
themselves choose a scale and 
draw a map showing their home, 
school, and neighborhood commu- 
nity. Note that the scale used will 
depend upon the distance between 
their home and the school. 


Resources for Active Learning 

Applied Mathematics Cards, 
‘Maps and Scales,’ Group 2/25, 
Schofield and Sims. (Available 
from Mafex Associates, Willow- 
dale) 

Developmental Math Cards, 1714, 
J38, Addison-Wesley. 

Math Activity Cards, “Maps,” 
Cli, D10, Macmillan. [Using 
map scales] 


Duplicator Masters, page 47 
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PAGES 222-223 
Objective 

The child will demonstrate his 
ability to work with the concepts 





















































presented in this chapter. 
Preparation 1. Give the correct point for the fractional number indicated 
Review with the children any of by each set of equivalent fractions. 
the topics in the chapter with which q 0 1 : 0 1 
they have had particular difficulty. A B c A B c 
One of the chief purposes of this 5 12 15 20 1B (2, 18 32, 36 ec 
chapter is to get children to think : 
about the concept of fractional num- és 0 1 ° 0 
bers; therefore, as part of your A Bc A B c 
review, have the children build ggong Nasi RE SA ee ee ae = 
several sets of equivalent fractions i ; 
and then associate these sets with ; 0 1 : 
one fractional number by identify- A B c A B c 
ing it on the number line for this (ete mae Meee 45 19 35 20 ee : 
set of equivalent fractions. If nec- ; | 
essary, you might follow this activi- 2. Use the lowest-terms fraction to name the fractional number 
ty by having the children answer for the point over the red arrow. 
true or false for various statements AS a ; eA oF 
of equality or inequality concerning 3 x 
i D Be ee ee 
fractional numbers. c 5 fz 4 7 re 7 
E F 1 
0 tS 1 0 mS 1 
. ae 
0 1 tz 2 
‘ 12 
0 1 V Sag) 2 3 
y 
0 1 2 3 \ ae 4 
* 0 1 2 3 4 AG 


3. Give two other names for each fractional number. Answers may vary. 


2,3 sO de Roe Or 93) S Drew Srl, 1B nd OL eee 
A222 8 $s ak: Sia (em) ege 4 gi2™ 7 1@'2& io 20’304 5 oe 
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Discussion 

Whether you use these pages as a 
class review or as an evaluation 
instrument, allow ample time for 
discussion of troublesome exer- 
cises. Encourage children to use 
number lines or pictures showing 
appropriate fractional parts for 
those exercises which they find 
difficult. Some children will be un- 
able to complete all the exercises, 
so if you ask them to do a repre- 
sentative sampling of problems 
from each exercise, you will get a 
better picture of their understand- 
ing of the ideas presented in this 
chapter. 


Doe 


. Write a fraction for each of 





. Give the correct sign (=, +) for each il. 


ailbi= oc 8A oc Si BH 2 ill = 

eS ihi= > 2 lh 8 F 88 ih 3 # wry 2= 
. Give the missing numerator or denominator. 

es 1S) SU et ee 

ee ee ee ee 
. Give the correct sign (< or >) for each |i. 

a dip3<  —e Billa< Ee SUbe> =o Silko > 

5 3ilhs> => fol > BES Sula < 


. In each exercise, list the numbers in order from smallest to largest. 





Werte s oe (259) Tl Se ST 8 OTIS Seles es ee Tro ene tS 138 
A 2: 2+ Br Br Br 21 Br 2VVSS2B2S © B 2 B a B B A B8'B'4'B'2'B'4'S 
Soe tite Sig 400 2-8 7, & 2a See ey se ee eS 
BeGr sears se ore as Ss $23.45 D3 o. & 3 G& 4 46'4'3’2’? 3s’ 4'S 


. Each whole number is also a fractional number. Some fractional 


numbers are whole numbers. Give the whole number for each 
of the following fractional numbers. 


a 24 p 27 rp ae 
B25 Ev2 H 8 
c 185 F 89 ; 28 


the following whole numbers. 
roo may vary. : 
¢ 33 E4+ «6 5 2: 


ae Roe F622 u 7+ 
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Follow-up 

To help children with concepts they 
found difficult, prepare a worksheet 
similar to the one below. 





-——— 
For each pair of fractions, name the 


fraction which is greater. Use the 


directions to help you. 
A B 


col 
tole 





Color 4 of square A. Color 4 of 


square B. Which region is larger, 
tor 4? 


5 4 
695 


Draw a number line so that the dis- 
tance from 0 to | is Scm. Count each 
cm as 3. Divide this same number 
line as best you can into sixths. Re- 
member that 3 is halfway between 0 
and 1. Use it to figure which fraction 


is larger, = or 5. 





ea 
teles 





Color 3 blue. Have you colored 3 
also? Which is larger, 7 or 3? 






Workbook, page 74 
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PAGES 224-225 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any 
topics from the text with which 
they may have had particular dif- 
ficulty in the past. Since in this les- 
son only one exercise is devoted 


to using the addition, subtraction, 


multiplication, and division algo- 
rithms, you may find it helpful in 
this review period to provide addi- 
tional practice by having the chil- 
dren do several exercises of this 
type on the chalkboard and then 
explain the various steps to the 
class. 


224 


$0,4,8,12,10,20,24,28,32,36,40,44,48} 


1. a List the multiples of 4 c List the common multiples 


(less than 50). of 6 and 4. 0,12,24,26,48 
B List the multiples of 6 p What is the least common 
(less than 50). multiple of 6 and 4?'2 


$0,6,12,18,24,30,36,42,48} 
2. Find the least common multiple of the two numbers given. 
a 3,412 Bp 6,918 c 5,3'5 p 3,824 E 12,2060 


3. Solve the equations. 

24a 42=n+8 € 352=n+4 50+ 2 300 1 8+=8=n) 
5! Bp 100-49 =nFr 486 = 400+ n+ 68° 193 x0= re 
8 ¢ 7200=nx 906 974= (nx 100) + (7 x 10) + 4K 17x 1=n7 
90p 270 =3=n u 6037 = (6 x nm) + 304 71000 L 0+=9=n0° 








4. Find the sum, difference, product, and quotient. AB RO 
a, 9659 Br 683%, ca. ho002 p 63)3030 
+7838 x 246 — 4526 
17497 168018 324716 
5. Use your protractor to find the degree measure of each angle. 
A 30° ee a 
ZA sq units 6 
6. a What is the area of rectangle ABCD ? a 
B What fraction of the rectangular A 


region is shaded pink? 24 


c What is the area of the nk region ? D 
15 sq units 





Discussion 

Page 224 is intended for indepen- 
dent work, unless you work through 
the exercises as a class review. 
When the children finish, discuss 
any difficult exercises. It may also 
be helpful to particularly emphasize 
exercises | and 2 in preparation for 
the material in the next chapter, 
which utilizes the concept of least 
common multiple. Have exercises | 
and 2 presented on the chalkboard 
and ask the children to explain how 
they arrived at their lists of multi- 
ples and their list of common multi- 
ples. Once the common multiples 
are listed, it is easy to give the least 
common multiple. 





a 


Follow-up 

Other statistics pertinent to com- 
merce, transportation, imports and 
exports, and the like can provide 
data for word problems. You may 
wish to give the children a list of 





THE PANAMA 





The Panama Canal is a waterway that crosses Central America to connect information such as that in the fol- 
the Atlantic and Pacific oceans. Before it was completed in 1914, a ship lowing tables, and ask them to 
sailing from Montreal to Vancouver had to travel about 24 640 kilometres. make up related problems, includ- 
After 1914, the distance was cut to 12 160 kilometres. ing several which require more than 


one operation to solve. 


Ocean and River Total Tonnage 
Ports (to nearest 
1000) 





Vancouver, B.C. 26 518 000 
Sept-Iles, P.Q. 24 241 000 


Montreal, P.Q. 22 376 000 
Thunder Bay, Ont. | 20 754 000 
Port Cartier, P.Q. 16 017 000 
Hamilton, Ont. 12 881 000 
Halifax, N.S. 11 072 000 





[a] The Panama Canal is about 80 kilometres long. 

Average time for passing through is about 7 hours. 

[¢] 1962—10 866 commercial vessels passed through. 
1969—14 606 commercial vessels passed through. 



















Immigration to Total from 
1. How many kilometres are saved by passing through the canal Canada each country 
between Montreal and Vancouver ?/2 #80 km (nearest 100) 








2. If aship makes 6 round trips from Montreal to Vancouver, United Kingdom 
how many kilometres does the canal save the ship 2/4? 760 4™ & Ireland 27 600 








3. How many more ships went through the canal in 1969 than in 1962 ? 374-0 ait i a 
4. If the average amount of cargo carried by each ship in 1969 was Italy 8 500 
7000 tonnes, what was the total tonnage carried by the ships ? Asia 
* Yo'2 242 d00 Lonnes Australasia 
5. About what is the average speed (kilometres per hour) of a ship United States 


moving through the canal ? About //km/h West Indies 
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Using the Exercises 

Page 225 provides ample mate- 
rial for an introductory discussion. 
Keep in mind that one of the in- 
tended outcomes for problem sets 
of this nature is to provide an inter- 
esting application of arithmetic for 
the children. Therefore, it is very 
helpful to allow considerable dis- 
cussion of the factual material pre- 
sented in these problem sets. Fol- 
lowing a discussion, have the 
children do the exercises. When 
they have finished, allow time for 
checking papers and further dis- 
cussion of these ideas. 
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CHAPTER 11 


Pages 226-251 


General Objectives 


To provide additional experience 
in working with fractional num- 
bers 

To introduce addition of fractional 
numbers 

To introduce subtraction of frac- 
tional numbers 

To provide skills in finding sums 
of fractional numbers 

To provide skills in finding differ- 
ences of fractional numbers 

To introduce mixed-numeral nota- 
tion 

To provide word-problem experi- 
ences in work with addition and 
subtraction of fractional num- 
bers 


The first lesson of this chapter uti- 
lizes the colored strips, number 
lines, and regions to provide a con- 
crete and semi-concrete introduc- 
tion to addition and subtraction of 
fractional numbers. In the next two 
lessons, the approach is more ab- 
stract: first the children list sets of 
equivalent fractions for each of the 
fractions which represent the ad- 
dends; then from these lists, they 
choose fractions with a common 
denominator so that they can find 
the sum or difference. Subsequent 
lessons provide experiences in 
working with the familiar least- 
common-denominator method. 
Each whole number is identified 
as a fractional number; then mixed 
numerals are introduced as a con- 
venient notation for fractional num- 
bers, and the skill of changing im- 
proper fractions to mixed numerals, 
and vice versa, is studied. The re- 
maining lessons of the chapter pre- 
sent material which emphasizes 
and utilizes the fact that the basic 
principles which hold for the whole 
numbers also hold for the fraction- 
al numbers. Using these basic prin- 
ciples, subsequent examples de- 
velop an understanding of how we 
find the sum of two fractional num- 
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bers when mixed-numeral notation 
is used for the numbers. The same 
principles provide the basis for the 
regrouping used in subtraction that 


involves similar mixed-numeral 
notation. 
Mathematics 


One of the simplest and most 
straightforward definitions for the 
sum of any two fractional numbers 
iS: 


ifs and < 


b d 
numbers, then 
a,c _ “(aXd) tabhr%se) 
(op ae bxd 
With this definition and a few basic 
concepts of fractional numbers, we 
can deduce this familiar rule: 


are any two fractional 


a 5 __a+b in this 


(Baas 
Camas c manner: 


a, bla Xo hese) 
G Cc COCE 


WiC a@ant) 


GOG 


ab 
Z 





Using definition (B), we could have 
deduced (A) as follows. 


a 


b 


C, GXa DxE 

d pad. boa 

_ (axd) +(bXc) 
bxd 








+ 





Note that in both instances we use 
the fact that for any fractional num- 
a a AX k 


foe if k #0, then, 





ber 


These ideas are presented to chil- 
dren informally. For example, it is 
a simple matter to explain a sum 
such as # + # = 2, using the number 
line or regions. Once children un- 
derstand this idea, they can then be 
led to find the sum of any two frac- 


Addition and Subtraction of Fractional Numbers 


tional numbers regardless of the 
fractions used to denote them. That 
is, when the fractions have different 
denominators, the task of finding 
the sum is reduced to that of find- 
ing equivalent fractions for the two 
numbers that do have the same 
denominator. 


anles 
+ 
| 


= 
_ 
wo 


9 
cy ae: 


tw 
| 


| 


Once addition concepts and skills 
are established, it is easy to move 
to subtraction by using the already 
familiar relationship between addi- 
tion and subtraction of whole num- 
bers. We point out that the same 
relationship exists between addi- 
tion and subtraction of fractional 
numbers. If we accept this relation- 
ship, we can justify the following: 





arg rCetad Ke 
bs cbt saab ee 

a! Qua Xd) RORec) 

bpd bxd 


Teaching the Chapter 


Materials 


Colored strips 

Demonstration number line 

Centimetre rulers of clear plastic 
for use on an overhead projector 

Regions cut into fractional parts 

Centimetre rulers (one for each 
child) 

Slips of paper approximately 10 
by 15 centimetres, or paper to be 
cut into slips 

Toothpicks or matches 


Vocabulary 


least common denominator 
line graph 
mixed numeral 
pictograph 

The colored strips are the most 
essential materials used by the chil- 
dren in this chapter. You will prob- 


ably find a demonstration number 
line and cutouts of regions helpful 
in some discussions. The lesson on 
fractional parts of units of measure 
will be greatly facilitated by dem- 
onstrations with clear plastic rulers 
which show the measuring marks 
quite clearly on an overhead pro- 
jector. You should encourage chil- 
dren to use any materials which 
help them gain a clearer under- 
standing of the concepts or skills 
studied, but it is hoped that most 
will be able to work with minimal 
use of such materials in this chapter. 

Notice the term mixed numeral 
in the vocabulary list. Since it is a 
symbol for a whole number and a 
fraction, it is preferable to refer to 
this as a mixed numeral rather than 
as a mixed number. 


Lesson Schedule 


Plan to spend three to three-and- 
one-half weeks on this chapter, but 
do not hesitate to adjust the sched- 
ule to the abilities and needs of 
your children. One of the principal 
objectives of the chapter is to help 
children understand addition and 


subtraction of rational numbers, 
but it is also important to lead them 
toward a moderate degree of skill 
in computing with some simple frac- 
tional numbers. 


Evaluation 


Children’s achievement in_ this 
chapter should be evaluated in 
terms of both skills and understand- 
ing. It is easy to give a routine test 
to find out whether or not the chil- 
dren can add and subtract fractional 
numbers, but it is difficult to evalu- 
ate whether or not the children un- 
derstand the concepts involved in 
the development of the various 
techniques for adding and subtract- 
ing fractional numbers. Therefore, 
you should include as part of your 
evaluation a day-to-day observa- 
tion of the children’s participation 
in class discussions of the various 
ideas presented in the chapter. 

Pages 248 and 249 offer a chap- 
ter review which you may use 
either for evaluation or for review, 
as you prefer. Pages 250 and 251 
should help you evaluate the chil- 
dren’s retention of skills and con- 
cepts previously taught. 


Resources for Active Learning 
GENERAL REFERENCES 


A Cloudburst, Vol. 2, Nos. 3213, 
4334, Midwest Publications 

Franklin Series: Making and Us- 
ing Graphs and Nomographs, 


99 


‘“‘Nomograph graphs...,” pp. 


35-36, Lyons and Carnahan. 
(Available from McGraw-Hill 
Ryerson) 


Mathex: Numeration No. 7, “Frac- 
tion Dominoes,” p. 46 (pupil 
pages 42-46), Encyclopaedia 
Britannica Publications Ltd. 
[An addition game] 


MANIPULATIVE DEVICES 


Cuisenaire Rods (Cuisenaire Co.) 


COMMERCIAL GAMES 


Action Fraction Games (CCM 
School Materials; Lakeshore; 
Math Media) 

Come Out Even (Holt, Rinehart 
and Winston) 

Competitive Fractions (Selective 
Educational Equipment) 

Imout— fractions (Imout) 

Spinner Number Games -—frac- 
tions (Heath) 
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PAGES 226-227 
Objective 

Given fractional numbers ex- 
pressed with like denominators, the 
child will be able to add and sub- 


tract them. 


Preparation 
Materials 
colored strips 

To prepare for this lesson, re- 
view lengths of the colored strips 
when the brown strip is the unit. 
For example, ask the children to 
give the length of the red strip if 
the brown strip is the unit (¢). Work 
through the lengths of all the strips, 
particularly including the light 
green and purple strips (# and $, re- 
spectively). Familiarity with these 
lengths will facilitate children’s use 
of them in the investigation. 


Investigation 
Encourage the children to work in- 
dependently on this investigation. 
Point out that the equations they 
write should all relate to the brown 
strip as the unit. After they have 
completed this activity, if you 
would like to extend the investi- 
gation, direct children to use other 
strips as the unit and show other 
fractions with the strips. For exam- 
ple, ask them to show with strips 
and to solve equations such as 
fotito=Hn, F+7=n, Et FH, 
and so on. Although these exam- 
ples have a sum that is less than 
one, equations in which the answer 
is an improper fraction are accept- 
able. However, children would 
have to use a combination of strips 
to show their answer if the numer- 
ator is greater than 10, as in 
sine=i¥ 

Although the intent of the inves- 
tigation is to have the children 
write addition equations, subtrac- 
tion equations are also acceptable, 
but they are treated more specif- 
ically in the discussion section. 


226 








Totnes eens 


8 8 8 


Discussion 
The addition and subtraction of 
fractional numbers expressed with 
like denominators is not a difficult 
process for children to grasp. Use 
some of their equations from the 
investigation to point out that all 
the fractions in each equation have 
the same denominator. Have vol- 
unteers give related subtraction 
equations which consist of frac- 
tions with the same denominator. 
As you discuss exercise 3, help 
children verbalize the rule for add- 
ing or subtracting, making sure they 
realize that they may add or sub- 
tract numerators only when the de- 
nominators are alike. 


Investigating the Ideas 


Think of a ruler with the brown strip as the unit. 





Can you use your strips to help you write 


some other equations about eighths ? 





Discussing the Ideas 


11 Addition and Subtraction 
of Fractional Numbers 
® Can fractional numbers be added and subtracted? 








1. Here is one subtraction equation related to the addition 
equation above. ‘ 
Can you find another one? 4-3=% 


2. Give some subtraction equations related to some of the 
addition equations you found with your strips. 


- 4_2_2. ete. 


6B? 


3. Do you know a rule for adding and subtracting when the 


fractions have the same denominator ? 
Sample answer: Add or subtract the numerators. 
226 See Discussion. 


Since the chief concern of this 
lesson is to introduce the adding 
and subtracting of fractional num- 
bers using fractions that have the 
same denominator, do not ask chil- 
dren to change the answers to low- 
est terms. All the numbers involved 
should be represented by fractions 
having the same denominator. 








Using the Ideas 
1. Write an equation for each number-line picture. 


Sy ewe od 


3 
342. ie -3=8 
2. Find the sum and difference. The red arrows hele you think 
about putting things together or taking them away. 


: 


NIP wI0 
Nin 
— 
win 
WO 
wp 
win 
Wha 
WIN 
woo 
who 






3. Find the 
aAg+3 ait+i4 y 3-12 
Bo+3 u 3-23 kK 5—S 
c #3 — 1 3+92 L i+ ps 


Short Stories 


1. Diane ate ofthecookies. 4. Dennis painted #4 of the 


Paula ate 7 of them. What fence, while Craig painted 
fraction of the cookies 35 Of it. What part of the 
were eaten ? <5 fence did the boys paint ?75 


EZ BS 5. Kurt mowed 3 of the yard in the 


morning and 2 in the afternoon. 

2. Mother had 3 of a pie left after Did he mow the whole yard ?Yes 

we ate 4 of ne pie. She started 

with what part of a pie ? = 

- Susan lives 3 km from 

3. Jack grew % cm while school. Carol lives only & km 

Bob grew 3, cm. How away. How much farther 

much more did Jack grow escem does Susan live 2; Krn 


More practice, page A-22, Set 41 227 








Using the Exercises 

Assign the exercises on page 227 
as individual or small-group work. 
Have number lines and _ cutouts 
available for those who wish to 
use them. When they. have finished, 
allow time for discussion and 
checking papers. If time permits, 
you may find it helpful to demon- 
strate several parts of exercise 3 
and the short stories, using either 
number lines or regions as models. 


Assignments (page 227) 
Minimum: 1-3. 

Average: 1-3, Short Stories 1-3. 
Maximum: 1-2, oral; 3; Short 
Stories 1-6. Workbook, page 75 
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PAGES 228-229 
Objective 

Given two fractional numbers 
expressed with unlike denomina- 
tors, and related sets of equivalent 
fractions, the child will be able to 
add or subtract them after first 
expressing them with the same 
denominator. 


Preparation 
Materials 
colored strips 


To prepare for this lesson, you 
might write some addition and sub- 
traction equations with fractions 
which have like denominators and 
review the process of adding nu- 
merators when the denominators 
are the same. As always, such a 
review should be brief, but it is 
important for children to know how 
to add and subtract fractions with 
a common denominator before they 
attempt these operations with frac- 
tions which have unlike denomi- 
nators. 


Investigation 

Before children begin, point out 
the partitions dividing the brown 
strip into eighths. The goal of this 
investigation is to have the children 
discover that 4 and 4 may be 
thought of in terms of eighths when 
necessary for addition and sub- 
traction. 

Encourage children to work in- 
dependently on the investigation. 
Remind them to consider each 
strip in relation to the brown strip 
as the unit, as illustrated in the text. 
However, note that the children 
are instructed to use lowest-terms 
fractions in the addends of the 
equations they write. To challenge 
them, write this equation on the 
chalkboard: 


iret 


Nar ae 


Nl — 


They will have to think of $ and 4 
in terms of eighths in order to find 
the correct numerator. 
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@ Let’s exp/ore sums and differences. 







Investigating the Ideas 
Equations will vary. 
Samples: 






Can you use your strips 
to help you write some 
equations using these 
lowest-terms fractions 
for addends ? 








Example: a + a = ze 









Discussing the Ideas 





1. Why do you think these 
two sums are the same ? 


=p 
=s and 


2. Can you find another pair of fractions that have the same 
sum as 4 a 47242; 342 3 4 +S; etc. 


0o|.& 


3 
Va: 


foe} [ 2) 





dy 
5 + 







3. Explain each example below and give the sum or difference. 


[A] To find} + 4, wethinkS +4 =H % : 
piss les aii | 
{k, & i» is, hades Rrik® Toren 
[B] To find} — 3, wethinkS —% =43 
label 
Ndadw i Gu-viuiehfidiad wk ee 
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Discussion fractional numbers only when the 


During your discussion of exercise 
1, stress the role of sets of equiva- 
lent fractions. Have children list 
the first several members of the set 
of fractions for’ $2 {4) 2,354 55., 

. .}. Point out that any fraction in 
this set may be used to represent 
>. Since the denominators must be 
the same for addition of fractional 
numbers, # is an appropriate choice 
to replace +. Similarly, in exercise 
2, ¢+#% may replace +4. Some 
children may also realize that $+ 4 
may be replaced with 3+ 4. 

As you work through exercise 3, 
continue to stress two important 
points: we can add or subtract 





fractions used have like denomina- 
tors, and if two fractions are in the 
same set of equivalent fractions, 
one can replace the other. 

Use other examples, directing 
children to build sets of equivalent 
fractions for the fractions used in 
the problem. For instance, write 
4+ 2 0n the chalkboard, and have 
children build the ye sets of equiv- 
alents: {2,4 3, $, # 7o,---} and {3, 
4, $, &, if,...}. iret them to 
find fractions sith the least com- 
mon denominators. When they are 
satisfied that = $ and 3 = @, they 
should realize that +¢=¢ is a 
solution to the equation $+ 3=? 









* 4. 


. For each exercise, write an 


equation using fractions that 
have the same denominator. 





a Tofind + 3, 13, S, BeBre sah 
we think |i. {3, 2, 8, a5... 3 
342-5 
GuaTe 

B To find 3 — 2, {2,§ 3,2. } 
we ils IMU. XS, Boe ie Bae «oS 
2-$-z 

ec Tofind$+i, {%428%,...} 
ie unk LUI - 4 Bs Ter «oS 
o+37t a 

pb To find? — } 2,49, 43, 39... 
He think WWMM. <2, Bs aoe Hee «od 
cei 


. For each number-line picture, write 
an addition or subtraction equation. 





A 5 2 
ae oN at 
OMaace: | is! a2 


OMe: 1} Ge2 
Give the numbers for a, 6, and c 
a Tofind4 — 3, we thin ae: 
B To find 3 — L we think@ — 2 = e. 
c Tofind4 — 3, we think 3 - b = | 
p To find 3 — 2 we think 3 iB 3 = 





Using the Exercises 


2. Find the sums and 
differences. 





Using the Ideas 










Since 5 = Zand = 2, 





we know that 3 + 4 = a2 









i a9 hig 2. 
Since j = 7 and = 4, 


we know that? — 4=c. 


nit 











Since § = $ and} = 3, 






we know that § + 4 = x. it 
Since 2 = #8 andi = 3%, 
we know that 2 — } = b.t 
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Direct the children to try the exer- 
cises on page 229 on their own. 
Do not insist that the children 
write their answers in lowest terms. 
The goal for this lesson is to have 
the children begin to understand 
the idea of finding the sum or dif- 
ference of two rational numbers 
even when the fractions given do 
not have the same denominator. 
Sufficient experience in writing 
sums in lowest terms will be pro- 


vided later. 


r- 


Assignments (page 229) 


Minimum: 1-2. Average: |-3. 


Maximum: 1-4. 






















Mathematics 
Throughout this program, the re- 
lationship between addition and 
subtraction of whole numbers has 
been made clear and emphasized 
for the children. By now, there 
should be little question about what 
is meant by finding a difference by 
thinking about a missing addend. 
Subtraction of fractional num- 
bers is defined in almost the same 
words as was subtraction of whole 
numbers. The only difference is 
that we refer to fractional numbers 
rather than whole numbers. 


For fractional numbers a, b, and 
c, if a+ b=c, then a=c—b,; 
and b=(c =a. 


Resources for Active Learning 

Discovery, Section II, Unit 21/6, 
Encyclopaedia Britannica Ed- 
ucational Corp. 


Workbook, page 76 
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PAGES 230-231 
Objective 

Given two fractional numbers 
expressed with unlike denomina- 
tors, the child will be able to build 
related sets of equivalent fractions 
and add or subtract the numbers 
using fractions with a common 
denominator. 


Preparation 

Unless the children are adept at 
building sets of equivalent frac- 
tions, spend a few minutes review- 
ing this process. For example, ask 
children to list the first five mem- 
bers of the set whose lowest-terms 
fraction is 3; or $; or #; or 2. Then 
have them list their answers to 
correspond with their explanation 
of how they found the equivalent 
fractions for each, as follows: 





5X1 5X2 
6X13 6X 2 


xix 


5 
’ > 6 





5 10 
CT re Br 


If children understand this process 


well, the development in the pres- 
ent lesson will be less difficult. 


230 
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oS 
230 





Discussion 

The goal of this lesson is for chil- 
dren to develop the power skill of 
choosing from sets of equivalent 
fractions appropriate common-de- 
nominator fractions in order to add 
or subtract. Exercises | and 2 show 
two ways of listing the equivalent 
fractions. Note that the lists of 
equivalents in exercise 1A are ex- 
tended farther than necessary, so 
that children can get a clearer idea 
of what is being done. 

In exercise 1B, point out that it 
is not really necessary to list the 
fractions equivalent to %, since we 
can arrive at the appropriate frac- 


tion, ¢, simply by listing some of 












@ Let's find sums and differences. 


Discussing the Ideas 


1. Foreach example below, give the missing number for the |[ll]. Then 
solve for n. Explain the steps used in finding the number for n. 


A 3 c 
2 
6 
Bd pe ee ee ee 
Zn Ill J 
4 
8 
5 
3 DS ee 3 + 


2. Study the following examples and give the missing numbers. 
Explain how the process of finding a difference is much 
the same as finding a sum. 


3 a | 
A 6 c 7 ae 
2 
6 
GO ee fll 
aNe Ill = 
10 
B 12 
= ri 
| 
on = aie 8 vn. 4s. ee Mbie 2-30 = lillzo 


3. For each part, make your own lists of equivalent fractions 
until you find two fractions with the same denominator, one 
for each fraction given. Then give the sum or difference. 


3 \3 


3 
BA sgivte e+ 2 yuo fi pes 





the fractions which are equivalent 
to 2. 

Work through parts of exercise 3 
together, helping children set up 
their lists in a convenient form, as 
in exercises | and 2. For these ex- 
ercises, you should not require that 
the children change the sums or dif- 
ferences to lowest terms or change 
improper-fraction sums or differ- 
ences to mixed numerals. 





tl 


ut 
% = lliizo 





|} 


13 
2 


3 
ED 7) =o (2) 


(o) 


Using the Ideas 


1. Copy each exercise (without the arrows) on your paper and 
give the fraction, in the order shown, for a, b, and c. 


3 ne 6 
eee Be HE a. S| (a) 
ae 











chee sd ae c(a)n(b) (ce) 5 
= (6) eee ters.) od) a 
as 2 (f) (e) 5 


2. Make your own lists of equivalent fractions until you find two 
with the same denominator. Then find the sum or difference. 




















i 
dere st 2 3 1 5 35 
A 4+ 16 Zo Bie. aad San 2 Deities 
\ 
TEE. a a Ae 3 2 % 
tr eae oi © [se Bla ak ek @ i+ 8 23. N23 — i. 20 
20 26 20 
3 3 2 i 2 
I 4 J 5 K 5 L 3 M 21 N i 
ay oe rae | i 1 
A758. i6 2 a 2: saat 16 a | 
=e ote 10 1S 2 12 i #20 
63 u 3 6 1 
o iH P40 a 3 rk & et eg tT io 
1 ee 1 eT 7 1 
oe io 4 Ze F090. DS: tio 3) + 3 133 
oo 50 renee 10 30 Oo 


3. Copy each exercise on your paper and give the numbers 
for a and b. Then find the sum or 
difference of the two numbers. 





AOS Ee 4 Poe B44 
4 ¥ Y ¥ tay 
Es 8 ting tacks bnaninneaesed 
3 

% @ a 
«Eppa ea ear tea 
Y Y 4 Y ¥ 
Bap? \5a be Sa bd 
12 r2 24 |, 24 155 15 
az. 24 15 
More practice, page A-22, Set 42 Zo 








Using the Exercises 

For exercise | on page 231, note 
with the children that it is impor- 
tant that they give the missing frac- 
tions in the order indicated by the 
shaded letters. For example, in ex- 
ercise 1B, when subtracting 75 from 
3, they should first give the frac- 
tion 35 for a, then the fraction 75 for 
b, then the difference 35 for c, and, 
finally, the difference 7 for d. En- 
courage the children to write their 
work for exercises 2 and 3 in the 
forms illustrated in exercise 1. 





Assignments (page 231) ——————_ Duplicator Masters, page 48 
Minimum: 1-2N. Average: 1-3. Workbook, page 77 
Maximum: |-3. Skill Masters, page 48 
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PAGES 232-233 
Objective 


Given two fractional numbers 
expressed with unlike denomina- 
tors, the child will be able to find 
the sums or differences after choos- 
ing the least common multiple to 
use as the least common denomi- 
nator. 


® What is the least common 
denominator for two fractions? 


Discussing the Ideas 


1. Find each sum, a, B, and c. 


Preparation 

To prepare for this lesson, review 
building sets of equivalent fractions 
and finding the least common de- 
nominators, as studied in the pre- 
vious lesson. For example, ask the 
children to list the sets of equiva- 
lent fractions for 2? and 3 and to 
choose the fractions which have 
the same denominator. 


. Do you think each sum you found is the sum of ? and 3 ?Yes 


. Which of the additions would you be most likely to use 
9,2 
towfind 7 +3 fa tis 
. The denominator 12 is the least common denominator for 3 and 2. 


You can find the least common denominator for 7 and g without 
writing out the sets of equivalent fractions. 


Why would the least common denominator for} and 2 also be 12 ? 
I2 is the least common multiple of the denominators 4 and 6. 


. A What is the least common multiple of 5 and 3 ?!5 
B What is the least common denominator for 4 and 3 ?!5 


. Give two fractions that have the denominator you found . 
in exercise 5s and could be used to find the sum Z + 3.is > 15 


232 


. Find the sum. 


Discussion 

After children have found the sums 
in exercise 1, and as you discuss 
exercises 2 and 3, stress that, al- 
though +3, 34, and 42 are all cor- 
rect representations of the same 
fractional number, the equation 
qo + 4% = 14 is the most likely to be 
used, because 12 is the least com- 
mon denominator of # and %. Em- 
phasize with the children that the 
least common denominator for two 
fractions is the least common mul- 
tiple of the two denominators. The 
children should see this easily if 
you list the multiples of 4 and 6 
(4, S212 296)". > ahid'6; 12) 7824 
. ..) and observe that 12 is the least 


Tees Se 58 
brig — 1S 





number in both lists, so 12 is the 
least common multiple. Carefully 
work through exercises 5 through 
7, stressing the idea of least com- 
mon denominator and its connec- 
tion to least common multiple. 
Use other examples similarly to 
strengthen these ideas. 
























p Find thedifference. ; 
— Find the difference. 3 


* 5. 


A 
B 


c 


What is the least common denominator for 2 and } ?\o 
Give the numerators. 2 
Find the sum. 


What is the least common denominator for 4 and 4? G 


What is the least common multiple of 2 and 5 ?10 


— m4 =) _ Ws 
10 2aan 10 
atx 


Le ale, BY 
i0 + io a 


What is the least common multiple of 2 and 3? © 


Give the numerators. }=%° 1=4 72 


What is the least common denominator for 3 andi? 8 


Findthesum. 2+2=r 


Ss 
e 


What is the least common multiple of 8 and 4? 8 


Give the numerators. 3=%° 1=4? 
i 3 4 a 
Findthesum. 3+ §=¢3 


What is the least common multiple of 9 and 6? '8 
What is the least common denominator for § and 4? 18 
Give the numerators. 


ON WIN Nk ain Wr We 


— 


Find the sums 
and differences. 


Ne Nie WIS Bie Ale Ale 


a. 5 Pe = 
iz Gg+a46 
ae 5 Le 
12 a ee Ge 
“3° = Sapa pe 
20 B45 
7 2 af 

Gull eas 
ub 2 orl. 

S K 3 63 
4 Z 1 

= L + — 2% 
A 10 cS 





Using the Exercises 

Have the children do the exercises 
on page 233. When they have fin- 
ished, allow time for discussion and 
checking papers. It might be help- 
ful to discuss portions of the five 
exercises with some groups. You 
might have the children read the 
problems one at a time and provide 
time for any questions which the 
other children may have after the 
correct answer is given. 

Allow the children considerable 
freedom in the methods they use 
for completing exercise 5. You 
might encourage the faster children 
to solve these problems by finding 
the least common denominator and 


E Find the sum. 


—e Findthesum. 4+4=s 


— Find the sum. 


Using the Ideas 





bi 


RN 
ships 





) 











then finding the two fractions for 
the two numbers that have this 
denominator. 

Supply sticks or toothpicks so 
that children can make a model of 
the pattern shown in the Think 
problem. Give them plenty of time 
to manipulate the toothpicks be- 
fore any solutions are given. 


Assignments (page 233) 
Minimum: 1-3. Average: I-5F. 
Maximum: 1-5. 


Sample solutions, Think, page 233 
Remove the sticks indicated by the 
dashed lines 


ee ee 





Workbook, page 78 
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PAGES 234-235 
Objective 

Given two fractional numbers, 
the child will be able to find the 
sum or difference by using the least 
common denominator. 


Preparation 

To prepare for this lesson, you 
might ask the children whether any 
of them have seen a computer. 
Encourage them to share whatever 
they may know about computers. 
Then explain that computers can 
be programmed with instructions 
to perform various operations and 
that the persons who write such 
instructions often use flow charts 
to put the instructions in order. In 
the present lesson, the children will 
follow a set of instructions or a flow 
chart for adding fractions. 


Investigation 

It would be appropriate for chil- 
dren to work together on this inves- 
tigation. They may use any of a 
variety of methods for finding the 
least common denominator. En- 
courage them to discuss which 
method is best, for example, build- 
ing sets of equivalent fractions or 
listing common multiples. Also, 
encourage them to make up a rule 
by which they can find the numer- 
ator of a fraction, given the com- 
mon denominator. During the dis- 
cussion section, you will probably 
want to suggest the technique of 
thinking of missing factors, such 
as, since 4 X 3= 12, 3 x 3 will give 
the new numerator, 9. 

Stimulate discussion in a group 
by asking key questions like these: 
‘‘What number times the ‘old’ de- 
nominator will give the ‘new’ de- 
nominator?” “If you’ve multiplied 
the old denominator by 2, what 
must you multiply the old numer- 
ator by?” Challenge the children 
with other sums also: 


3 lee area ee oi | 4 
Bo i0s6 sso tye 
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Discussion 
Have children explain the steps 
they used to find the sum $+ 34. 
Then discuss the best procedures 
as you work through charts A and 
B. Note that A and B differ in writ- 
ten form. It is not essential that you 
teach both methods, but each may 
be convenient in a given situation, 
depending on the form in which 
the problem is presented. The main 
idea to stress is the use of the least 
common multiple as the least com- 
mon denominator. However, make 
sure children develop a technique 
for finding the numerator for the 
fraction of a least common denom- 
inator. For example, with 


Study the flow chart for finding 3 + 2. 


Discussing the Ideas 


®/s there a shortcut for adding and subtracting? 


Investigating the Ideas 


Can you follow the flow chart to find the sum of 3 and 
See above and Investigation. 


Explain each step in the examples below. See Discussion. 
Then find the sum or difference. 


Dus bey 


8 24 
they may think: ‘“‘What number 
times 8 will give 24? Since 3 x 8 = 
24, we must multiply 3 x 5 to get 
the new numerator, 15.” Similarly, 
with 

PRS 

bY 


they may think: “What number 
times 6 will give 12? Since 2 x 6 
= 12, then 2 X 1, or 2, will be the 
new numerator.” Remind the chil- 
dren that they can always use the 
cross-product check for equivalent 
fractions. 









a 








Resources for Active Learning 

Discovery, Section II, Unit 5/6, 7, 
Encyclopaedia Britannica Ed- 
ucational Corp. 


Using the Ideas. 





. Find the least common multiple of the numbers shown in red. 
This is the least common denominator of the two fractions. 


Duplicator Masters, page 49 
atte c 448 E346 @ 2 {220 1 45 2i Sper vie age 79 es 
Bp 4318 pd 43% '2 F 421,20 H 444420 3 4410 Mas 





Skill Masters, page 49 











. Give the missing numerators. 








q_ WEees | Sera iy 1 _ ill 4 1 ate 51 
lg ite mek h=jo%e 3=8 61 =H we G= qh 
gS ah 5 — ill ee ee — Illili aes 3 
B2—¢ P#—-s Fes HF=pley =a -e B= Ma 
3. Find the sums and differences. 
1 2 
a 3 B 3 e ald pd 3 e r § « 3 
1 eel roe) as 1! 
+4 ad 3 4 mn Te +4 
a 2. % + ahs 2S : 27 
3 ee 7 7 _ 32 35 
H 5 ss J 0 Keith vas M 4 N 4 
1 1 ar: 1 1 2 2 
oak wk 2 s2 4 5 aml 
uw ge = 12 Ss 23 
he a ee 19 * 20 =o 
4. Find the sums and differences. 
ee a 10 4 ww 
ab+d% o3-25 cht} 8 14-34 wm h-ge, 
1 13 1 sy gl 1 pase & jeeps 9 5 = 
m Si tare es Ho + io K 2716 § to 1H 16 
Zz 1 ee Bees STM wa oda at OES ah = se S18) So" 
Geese el se. | is = 1e,ic0t 10 + § Jo.0 i +, 1h Teo 
















Short Stories 
Walked % km. Ran 4 km 
How far in all ?4-= Yon 
First box: full. 
Second box: } full. 
How much more is in 
the second box ?7'5 


3 centimetre of rain. 
Another j centimetre of 
rain. How much rain ? 





A 200 ate 4 of the candy. Jim ate 
3 of it. How much was left for Tom ?— 


5 Jack’s step: 4 metre. Sue’s step: 2 metre. 


a How much longer sB How long are two 
is Jack's step ?i6 m of Jack’s steps ?+> im 
More practice, page A-23, Set 43 235 





Using the Exercises 

Use some parts of the exercises 
on page 235 for further discussion, 
or assign them as independent 
work. When the children have fin- 
ished, allow time for discussion and 
checking papers. 


Assignments (page 235) 

Minimum: 1-2, oral; 3. 

Average: 1-2, oral; 3-4. 
Maximum: 1-2, oral; 3-4; Short 
Stories 1-5. 
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PAGES 236-237 


Objectives 

Given a fractional representa- 
tion of a whole number, the child 
will be able to name the whole 
number. 

Given a whole number and a 
chosen denominator, the child will 
be able to express the whole num- 
ber as a fraction with that denom- 
inator. 


Preparation 

Materials 

slips of paper approximately 10 by 
15 centimetres, or paper from 
which children can cut such slips 


You may wish to review a few 
addition problems, or changing 
fractions to equivalent fractions 
in higher terms, before beginning 
the investigation. 


Investigation 

Direct the children to work inde- 
pendently on this investigation. 
Note that the bar line may be 
thought of either as a symbol for 
subtraction or as a bar line in a 
fraction. Also, point out that the 
slip of paper for the bar line is of 
different shape and size than for 
the digits. Remind the children 
that they are to record each numer- 
al or number expression which they 
find. You might point out that they 
may make expressions using either 
two or three of the digit symbols. 
‘Thusa4 — 3, 27, €tc., are all ac- 
ceptable. 
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Examples: 








Discussion 

Use several examples which chil- 
dren found in the investigation to 
teach them how to read mixed 
numerals. The mixed numeral 52 
means 5 + 3; we say, ‘‘five and 
three eighths.” 

For discussion exercises 2 and 
3, give children an opportunity to 
determine which whole numbers 
the fractions represent, before giv- 
ing any particular rule for deter- 
mining this whole number. At this 
stage, do not point out the fact that 
they can find the whole number by 
dividing numerator by denomina- 
tor. Give them a chance to discover 
this from the other exercises. 





How many different number symbols 
can you make with these slips ? 








@ What are some other names for fractional numbers? 


Investigating the Ideas 


Cut out 4 slips of paper 
and label them like this. 


findings. 





Discussing the Ideas 


1. Numerals such as 4% and 52 are called mixed numerals 
42 means 4 + %. Which of your numerals in the Investigation 
were mixed numerals ? Answers will vary. See Discussion. 


2. Fractions such as 4 and ? are names for whole numbers. 
What whole numbers do these numerals name? 2,5 


3. Were any of your fraction symbols in the Investigation 
names for whole numbers ? Answers will vary. 





One of the most important points 
to stress throughout your entire 
discussion is that a mixed numeral 
is a symbol for a fractional num- 
ber. Although the symbol, a whole 
number combined with a fraction, 
may be new, the numbers are the 
same; the children are still work- 
ing with fractional numbers. It 
would be helpful to use a number 
line to show that numerals such as 
$ and 23 represent the same frac- 
tional number: 


3 
ee Ta 
<e— o_o _9_0_ 0 © _0_@_@ > 
0 1 


we bho 
| 00 <<— 
wo W 


ES TS 7 
B 8. 3, 6S) kG 3 





Me et 2, 2, rae Saye E {?, = 
pd {t, z 3, were ers F {f, 3, 
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Record your 








4. Give the whole number for each set of equivalent fractions. 


eo 


37 
2 eee 





5. 


2% a Since § = 2,weknowthat ? = 


5p Since +? = 5, we know that 4+ 


421 Since“? = 4, we know that 7? = 


36 Since ¥ = 6, we know that ? = 


S 
2 Since #§ = 2, we know that {3 = 





. Each of these fractions names a fractional number that you 
can think of as a whole number. Give the whole number 


for each fraction. 
Af2 e344 ci 3) vo ¥ 





eTeEZIOF #5 a Ba n $2 
Lies #iz «x #8 u Bo m9¥0 N20 of), PH 
. Each of these sums is a whole number. 
Give the whole number for each sum. 
Beco 1c Sabenbmere t+ BS GP aE win ode 
See 3 +4 u § 
B$+34 o}+hi - ¥4+38 _— re 
Give the correct mixed numeral for each sum. 
Al+$sige 1+8ige 44+34% Stisy 3+ h3K 143 1¢ 
BStsigr st slgr Ft Fah D+ assy i+ io se 13+ oli 
Give the correct whole number for n. 
a1=27% Cede loeb Siteditun 6) 3,= 46-4 bob 2 It 
Baha 2H 18- See SPO wed = 8 '2 0 27 = BS 
In each exercise, give the correct mixed numeral for n. 


[o)) 


4 

B Since $= 3, weknow that § = 
Z 
5 


2 
c Since 2 = 1, we know that 


E Since +2 = 4, we know that # 


F Since 14 = 3, we know that 22 


— 








Using the Ideas 
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Using the Exercises 

Have the children do the exercises 
on page 237 on their own. Then use 
the exercises as a basis for discus- 
sion. Have children share the rules 
they developed for changing a frac- 
tional representation of a whole 
number to the whole-number sym- 
bol. The process of changing a 
mixed numeral to an improper frac- 
tion will be treated in the next 
lesson. 

By using the cross-product check, 
the children should see that a dou- 
bles combination with product 16 
will complete the first part of the 
Think problem. A doubles with 
product 64 completes the second. 


Assignments (page 237) 
Minimum: 1, oral; 2-3. 
Average: 1-4. Maximum: 1-S. 





Mathematics 

In the set of fractional numbers, 
there is a subset of numbers that 
can be represented by fractions 
which have a numerator that is a 
multiple of the denominator (e.g., 
the fractions $$ attr See ARS. 
and so on). We have introduced 
addition, and will in a later chap- 
ter introduce multiplication, in such 
a way that we can show that this 
set of numbers is arithmetically 
identical to the set of whole num- 
bers. Because of this, we take the 
point of view that each whole num- 
ber is also a fractional number— 
that the whole numbers constitute 
a subset of the fractional numbers. 
This, of course, is brought out 
when we make such statements as 
2= Sofi 1pes sarthe7] =f oand so 





on. 

Note that $, which is called an 
improper fraction, represents a 
particular fractional number. Note 
also that 23, which is called a mix- 
ed numeral, represents the same 
fractional number. We bring out 
this point simply to observe that 
both $ and 2% represent the same 
fractional number; only the nota- 
tion, or symbols, are different. It 
should be noted, therefore, that the 
terms improper fraction and mixed 
numeral refer to the symbols we 
write for the number and not to the 
number itself. Although, in tradi- 
tional arithmetic, the term mixed 
number was used to refer to the 
symbol that represents the fraction- 
al number, we choose in this pro- 
gram to speak of mixed numerals 
rather than of mixed numbers. The 
number is the same whether an im- 
proper fraction or a mixed numeral 
is used to name it. 





Workbook, page 80 
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PAGES 238-239 
Objectives 

Given a mixed numeral, the child 
will be able to write an improper 
fraction for it. 

Given an improper fraction, the 
child will be able to write a mixed 
numeral for it. 


Preparation 
To prepare for this lesson, review 
fractional representation of whole 





numbers. For example, write 4°, 
129,145,414, 24 on the chalkboard, 


and ask children to give the whole 
number each fraction represents. 
If time permits, you might also re- 
view mixed numerals as sums. For 
example, writes! -1.4;:2.4 35.144; 
4+ +4 on the chalkboard and ask 
children to name and write the 
mixed numeral for each sum. 


238 
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Discussion E 

This lesson extends development 
of the power skills treated in the 
previous lesson and introduces the 
algorithm for the speed-skill of writ- 
ing improper fractions for mixed 
numerals, and vice versa. Dis- 
cussion exercises | and 3 concen- 
trate on building understanding. 
Each whole number is seen as a 
certain number of the fractional 
parts named by the denominator. 
Stress for the children that in ex- 
ercise 1A, for example, they are 
writing the number | as $ and then 
observing that 1; = %+4, or 3; in 
part B, they are writing the number 
2 as $ and, finally, observing that 


Discussing the Ideas 


c 51 = 


2 OT 


v v 


8+3=11 


385 0 4 £848 


a Aes 1 
eR 54 
s= 3+ > Bie 


Le 
5 


¥ 
11 
a 


Now find improper fractions for the following mixed numeral 
8 Tus 


oe 


3. Give the whole number for a and the whole number for b. 
Then write a mixed numeral for each improper peste = 


9 
a $=$4+3—> 3=6+3-— 35lllll B sie hcae pab+y>} 
Answer: a=4,6=2,3=24 c¢ B=#+3> B=b+}—> 


39 
FG 


e os 


@ Let's change fractional number names. 


1. Give the whole number for a. Then give the whole number for b. 
a =$+}—>1}=8 25 


=" 2Oren 
212,13 


2. Study this flow chart: Mixed Numerals to Improper Fractions 





=Ilo5 
= 3 





umerals for the following improper fractions. 


250 
100 


Cise * 2 


sso 
D io Zio «CE 


© 734 


3 2 
F See G 29% 








24 = 4. Then, work through several 
examples using the speed-skill al- 
gorithm illustrated by the flow chart 
in exercise 2. 

In exercise 3, point out that the 
children must first find out how 
many whole numbers or units are 
in the fractional parts and then ex- 
press the remaining reais parts 
as a fraction. Thus, in 3B, 43° con- 
oe 3 or 3 whole iahb Bia plus 
4, so 4 = 33. 

The flow chart in exercise 4 
shows the steps of the algorithm 
for finding mixed numerals for im- 
proper fractions. Give children an 
opportunity to work through the 
examples and discuss them. 





Follow-up 

Combo, a game similar to Bingo, 
will help the children review frac- 
tions and mixed numerals. The ob- 
ject of the game is to cover five 
answers in any row, column, or 
diagonal as the caller shows addi- 
tion or subtraction problems on 


Using the Ideas 
1. Write an improper fraction for each mixed numeral. 
aS eSBecBe o1%F « 362 e 492 « 54 
nh 2H 425 66S 5 183 « 4442. 72 m 622 Nn 9 


2. Write a mixed numeral for each improper fraction. 


oe 2 aya Zt 12,5 15,3 1a 2 flash cards and calls them out. 

: 335 7 $85 Broce 7 ey © serene $23 Winners call ‘“‘Combo”’ and verif: 
nHSot 1 Yat yy Vs5z «x HS 1. UL mM HSS py 284504 y 
z ay cael 10 l10 10 lio 100 !jo00" 100 2166 the answers from the caller’s mas- 


ter sheet. 

To make the game, cut 10-by-12- 
cm cards and rule 30 two-centimetre 
boxes on them. Fill in “Combo” and 
“Free” in the proper squares, and 
then fractions and mixed numbers 
at random (see illustration). How- 
ever, make sure the answers corre- 
spond to the problems on the flash 
cards. The players should have cork 
or paper discs to cover answers. 


Give your answer to each exercise as a mixed numeral. 


3. Janet and Rita walked to their grandfather's house. It took 
them ? of an hour to get there and 3 hour to get back home. 
a How much time did they spend going both ways? |5 h 
B If they spent 3 of an hour visiting, how long were they gone ? Zh 


4. |f butter and margarine come in }-kilogram sticks 
a How much would 10 sticks of butter weigh 22 ks 
p How much would 17 sticks of butter weigh ?4z ky 


5. a If acarrace is 14 
laps around a}-km 
track, how many km 
long is the race 235 Km 

B How many km long 
is a race that is 5 laps 
around a km track ? 

akm 

6. One bunch of grapes 

weighs 3 of a kilogram. 

Add another, and the 

scale shows 1} kg. 

How much does the 

second bunch weigh ae k 

2K 











More practice, page A-24, Set 44 239 








Duplicator Masters, page 50 
Workbook, page 81 
Skill Masters, page 50 


Using the Exercises 

You might have the children work 

on the exercises on page 239 inde- 

pendently or allow them to work 

with one another in small groups. 

In particular, children might bene- 

fit from sharing ideas about the 

word problems. In checking papers 

with the children, do not insist that 

their answers be expressed in one 

specific form. For example, if an 

answer to a problem is §, the chil- 

dren might well write it as 23 or as 

8 Even an answer such as 7¢ in 

place of $ would be satisfactory; 

however, children should realize Assignments (page 239) 

why the form 23 is preferred. Minimum: 1-3. Average: 1-5. 
Maximum: |-6. 
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PAGES 240-241 
Objective 

Given an addition problem in- 
volving mixed numerals, the child 
will find the sum by applying the 
basic principles for fractional num- 
bers. 


Preparation 
Materials 
colored strips 

To prepare for this lesson, re- 
view the basic principles for addi- 
tion of whole numbers. For exam- 
ple, write sample equations on the 
chalkboard: 


23+ 15S=15+23 (commutative) 

42+0= 42 (zero principle) 

Sick (42. + 27) = (31 442) 7 
(associative) 


Then ask children if they remember 
the principle each illustrates. 

You might also want to review 
lengths of the strips when the pur- 
ple strip is the unit, particularly for 
the white, the red, and the brown 
strips. 


Investigation 

Although children might not be 
aware of this fact until you bring 
it out in the discussion, they are 
investigating the addition, not only 
of four addends, but also of two 
mixed numerals, 14 + 23. Manip- 
ulation with the strips should help 
them see that, just as with whole 
numbers, rearranging the addends 
does not change the sum. There 
are 24 possible arrangements of 
the four addends taken separately. 
However, some children may com- 
bine some of these to get other 
equations. For example, 1+ 4+ 
2++% might be thought of as 
(1+ 4) + (2+2) or as 14424. 
And 1+2+4+4 might be thought 
of as (1+2) +(4+3) oras 3+2. 


240 


240 











a 244+ 14= (2+1) + (443) =3 +3 


p 44+ 14= (441) + (8+) =5+%= lillsy 
See Discussion. 


®@ Can the basic principles 
be used for fractional numbers? 


Investigating the Ideas 


How long (in purple units) will the ‘‘train’” be 
if you place these strips end-to-end ? 


1 


Discussing the Ideas 


1. Does the length of your train depend upon the order 
in which you place your strips ? No 


cutie 


il 32 


ry 


Sample answers: 
How many addition equations can you write | '4 
by using all the strips above ? 


+2523 


pegee3d 
See Investigation. 


2. What basic principle does this equation show ?Commutative + 


ae 3 es ah 
Sete 6 eis 


3. What principle does this equation show ? Associative + 
Gio + 36) + 16 = 10 + (Go + 10) 


4. Can you state a principle illustrated by this equation ? 


The sum of any number and zero is the number itself. 
5. Explain the steps in each example. Give the sum. rs 


4 
mf 


=4 
= 7 
ll 


Nie 
aIwW 


|e 
lox 


slo 





Discussion 

One of the main points of this les- 
son is that the order and the group- 
ing of addends may be rearranged 
in any manner without changing 
the sum. Use a discussion of the 
investigation to extend this idea. 
Help children see that different 
trains of the strips give different 
equations but that these equations 
have the same sum. Then stress 
how the commutative and associa- 
tive principles, treated in exercises 
2 and 3, allow addends to be re- 
arranged without changing the sum. 
Exercise 4 illustrates that the zero 
principle applies to fractional num- 
bers as well as whole numbers. 


Develop exercise 5 carefully; 
it is directly related to the investi- 
gation. You might explain to the 
children how we separate the frac- 
tion and the whole number and re- 
arrange them: 


Dor sh te ig Mea 
(2 Aas) 


Use exercise SC to illustrate how 
this arrangement principle allows 
the convenient vertical notation: 
the fractions are added first, then 
the whole numbers. 











a 


1. Copy each exercise and give the numbers for a, b, andc. 
aA 15+ 59 = (a+ b) + ($+ 3) =6+ $= Casi, b=5, c204 


B 53+ 34= (5+ a4)+ ($+6)=8+4+c 
e 6£4+ 1% = (6+1)+ (a+) =b+ 


2. Copy and complete each exercise. 


























a 2b = 252 sp 8i= sit c 2)= 292 
+54 = 55! sada 79h = +5} = 5E ® 
7m ? 15 Ms 7 THe > 
= ! 3 
D Tg E Bh = r 32-348 
+93 = Of +7§ = 7% +14 = 18° 
12 th 3 2st 7 4 iil"! 
3. Find the sums. 
Boece B55 cl (C14 Op OCR Ok Bhar 6 
+1% +3% +53 +24 +7} +4} +2} 
% s4 oF 73) + Bis% os 8% 
HODDio Ge 8% fs o7k wy De co oom: 96 ow 6 
+33 . +13 +8; +e +64  +8% +73 
it 9% 1S. 


“| ~O 
a \s\s 


* 4. Solve the equations. 
a 334+ 53=9+n5 
Bp 63+ 73=14+ 3 
ec 934+ 74=n+217 
p 34+123=5+n8 
E9%+7}=n+317 
F ISip+ 293 = 45 + 0 


30 
More practice, page A-24, Set 45 








Using the Ideas 


= 8} a-3,b-1,c+2 


= -2 = = 
B =C a= 31 b=7,c=73 
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Using the Exercises 

You might want to work through 
parts of the exercises on page 241 
together with some groups of chil- 
dren. For example, have volunteers 
explain how they would complete 
exercise |. In exercise 2, the least 
common denominator is provided 
so that children may concentrate 
their attention on the addition pro- 
cess with vertical notation. But in 
the remaining exercises they must 
work the problem completely. Chil- 
dren need not express their answers 
as lowest-terms fractions. Concen- 
trate on the task of finding sums 
using mixed numerals, not on the 
form in which the sum is written. 


Children might enjoy working 
out the Think problem by forming 
groups of five and recording the 
number of handshakes. As long 
as we consider a handshake be- 
tween person A and person B the 
same as between B and A, the fol- 
lowing explanation holds. 

A shakes hands with B, C, D, E. 

B shakes hands with C, D, E. 

(He has already shaken hands 

with A.) 

C shakes hands with D, E. 

D shakes hands with E. 

Total handshakes: 10. 
Assignments (page 241) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 





Workbook, page 82 
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PAGES 242-243 


Objective 
Given a mixed numeral, such as 
2 the child will be able to rename 
the numeral as 5+. 


Preparation 

To prepare for this lesson, have 
the children practice writing mixed 
numerals for improper fractions 
and improper fractions for mixed 
numerals. You might also review 
addition of mixed numerals in 
which the fractional part of the an- 
swer represents a fractional num- 
ber less than one. 


242 


Changing Numerals 


1. Give the missing numerators. 








Zz 2 
agedt 8. edad as wiphate | ey ametomee 
6 PRR tad Hees es ie a) te 

= TT 2 
ci=4+h? o=8+i" « $-$+87 o8f=8+8° 
2. 4 
oR=§+b° ow BaB+ 1 BPHGtE” r= ies 
2. Give the missing numerators. 
3 z 
a f=1+14 e #=1+4/% 1B=14+8? mM #=1+4 
7 
et=14+h’ - 8=14+49' 9 $2149! w 821497 
c 2=1 +)" o $=14+8" «x $=14+8'. oo Yatey 
3 
dv 18=1+ n §=14+1' . 2=1+4+48! p 2-14! 

3. Solve the equations. (All fractions should be in lowest terms.) 

a 32=4+n5 & 43=54+n5 «x 2=n+23p 33% =n + 3 34 
pB o=n+se o 162=n+ 3 m 1P=24+nz0 414 =42+n% 
c 78 =8+n4 H7=8+nem44=54+n3R 2738 = 28+ ns 


p 9¥=n+Fio 1 B= 
—E 153=16+ ns 38= 


4. Solve the equations. (All fractions 
should be in lowest terms.) 


aA?t=1+a2 e 758=76+at 
a+43 «6 568=57+as 
S5+tatu 83H= 

p 22 =a+ 351 964= 
Ee 58=6+ ais 38% =39+a% 


B 2Z= 
c 48= 





9+n2n 63 = 


4+ns 0 19%=n+}r 65% 





84+ ax | 
97 + ae | 


n+37s 844=n+}a5 


mae 





Discussion 
Although the exercises on page 
242 are straightforward and chil- 
dren might work on them indepen- 
dently, they follow a progressive 
development, which should be 
pointed out to the children. You 
might work through a few examples 
from each exercise. Be sure to help 
the children see that they are learn- 
ing to simplify certain types of 
mixed numerals — those whose frac- 
tional part represents a fractional 
number greater than one. Also, 
they are strengthening their skill 
in writing improper fractions as 
mixed numerals. 

Thus, this page is actually a 


readiness page for regrouping in 
addition using mixed numerals. 
It could easily be used as a whole 
day’s lesson. 


Assignments (page 242) 
Minimum: |1A-H, 2A-H, 3A-J. 


Average: 1, oral; 2A—L; 3A-O. 
Maximum: 1-2, oral; 3-4, alter- 
nate parts. 





Adding and Renaming 


1. Give each sum in simplest form. 
A $= are = 7 















































2=4 33 c 43= 43 
a 
2 = Il lz 1633 = [ill '724 62 = 72 = |i 75 
2. Find the sums. Use mixed numerals for your answers. 
a 3 B 2 c.% De a e 0 r s 
2 es SS es ee 
IZ Iz lye (36 Is ig irs 
3. Find the sums. Use mixed numerals for your answers. 
a 7% B 62 c 4 pd 6% e 19% eras 
+83 +93 + 83 +73 +23 +83 
los los 134 uae es 223 365 
Sete ene 4 99s) 2 372 x, 86G u - 923 
+26} +372 +612 +84; +2555 + 885 
445 924 47+ j22% Ne Se (Sige 
4. Find the sums. Use mixed numerals for your answers. 
a 52 B 8 c 92 p 13% E 273 r 3635 
+63 +7% +28 +63 + 85 +283 
28 Nea I2= 205 sta OSs, 
Short Stories 


Normal body temperature: 37 °C. 
Live 14 km from school. Caught the flu: up 15 C°. 


Walked both ways. What was the temperature ? 382 
Walked how far? 32 km 





Music lesson:3 hour. ow tall in September ? 
A. Homework: 4 hour. 1271s cm 
Pork chops: 23 kilograms. 
Hamburger: 33 kilograms. 


B Kod How much is total weight ? 61> Kg 
= Recipe: Need 1% litres milk. Double batch. How much milk for both ? 322 


More practice, page A-25, Set 46 243 


Using the Exercises problems and those in previous 
Exercise | on page 243 provides _ lessons is in renaming the sums. 
examples for demonstration and 
discussion. 
Be sure the children see the re- 
lationship between these problems 
and the ones they worked on page 
242. Certainly, they should under- 
stand the simplifications involved 
here if they were able to work the 
exercises on page 242. 
When the children have finished 
the exercises, allow time for dis- 
cussion, particularly of their solu- 
tions to the short stories. Assignments (page 243) 
Page 243 might well constitute Minimum: 1-2, Short Stories 1-3. 
an entire day’s lesson. However, Average: 1-3, Short Stories 1-4. Duplicator Masters, page 51 
the only difference between these Maximum: 1-4, Short Stories 1-6. Workbook, page 83 


How long for both ?2 h 
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PAGES 244-245 
Objective 

Given subtraction problems with 
mixed numerals, in which renaming 


is necessary, the child will be able 
to find the differences. 


TTF TT oOo 


Subtracting with Renaming 


1. Some of the numerators are covered by screens. 
Copy each exercise on your paper and give the missing numerators. 





















































Preparation a 63 = 6! = 5$ 2 E 93= 95 = 8/5 I5 1 43-4 = 3109, , 
To prepare for this lesson, give Bp TL = 72 = 6925 rF /4= 72 = 6E 210 523 = 2 = ee 
children practice with renaming c 31 = 33 = 2! 12 e 83= Bll = Tiller k 5} = 5il= At 3,9 
mixed numerals similar to those in ‘A i “ “ i r ; . 
exercise |. For example, ask them o 5 = 63> 45.° WLS Aig = 19 tS Lb 35 = 315 = 275 9,24 
to find the new numerators for 
eee hn pK 6ee SIRI Study these examples. 
83 = 742. For some groups you [A]. 7a 7h = GR 4} = 43 = 32 
may find it helpful to show the fol- —25 = 23 = 23 —12 = 13 = 12 
lowing extra steps: 4Z 24-28 
tegen pees Piers era 
64 a 62 ws, Ai a : ee ie 2. Copy and complete each exercise. 
= 514 a 6} = 63 = 5IL © sp H=78=-618 c 44= 43 = iis’ 
gt = 88 =7+1+3=7+2+4+3 —13 = 13 = 12 =h=1f6=14% —23 = 23 = [illS 2 
=7¥ a3 Sit 12 Im 1 % 
However, if children understood 3. Find the differences. Give the differences in lowest terms. 
the process on page 242, they : 
should not have much difficulty A 8, po OF veers) pe 72 Se 194° o  28R « 26 
with the concepts presented in ee — 6% — 43 — 63 eee —73 —17% 
this lesson. 54 2% 35 +t oF Moe 85 
H 5431 6H 5 83 k 9% 132 =m 852 nw 84% 
—374 —5 ie —2H —6 —613 —37 
los (35 3 o8 a 23% 41 
o $913 -p 19§:->o>9363 nl 83s 612 7 86,5 enueoe 
— 883 — 53 —293 —42¢ —393 —59% —39% 
24 32 os 40% 21% 2o%, 534 
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Discussion 
Parts A and B of exercise | should 
be used as a basis for discussion 
with most children. (You might let 
more capable children study these 
examples among themselves.) Ex- 
plain that the first step is always 
to find a common denominator. 
Then the children must examine 
the fractions to see whether or not 
they need to regroup. Only then, 
if necessary, do they regroup the 
mixed numeral so that it will have 
enough fractional parts from which 
to subtract. 

You will probably want to spend 
extra time working on both exer- 
cises | and 2 prior to having chil- 


dren complete exercise 3. Note 
how regrouping here is much like 
that done for whole numbers. 
Hence, there is really no new con- 
cept involved, just different nota- 
tion. 


Assignments (page 244) 
Minimum: 1A-H, 2. 
Average: 1-3G. Maximum: 1--3. 





Short Stories 

63 km going. 

975 km returning a 

different way. How far ? 
loF Ken 

Normal body temperature: 37°C. 

Caught the flu: 393°C. 

Temperature was how many 

degrees above normal ? 23° 





New candle: 20 cm. 
Burns 2) centimetres. 
How long now ? !72- cm 


Average yearly rainfall: 353 cm. 
This year: 293 cm. How much 
is this below average ? 54 cm 


Lae Jim: 34% kg. Joe: 363 kg. 
On the scales together. How many kg ? 7033 kg 
Recipe A: 13 litres milk. Recipe B: 3 
A How much more milk 
for A than for B 22 






litre milk. 
6B How much milk is 
needed for both recipes ?\!2 0 


vi 15 pies for the party. Eat 128 of the pies. How much pie is left ? 24 pies 


Number-line point A: 72. 
Point B is 33 units to the 
right of A. Where is B? 115 


1): 75 dozen eggs. 
53 dozen eggs. 

;.~How many dozen eggs? \24 doz 
1 1 Flight time: 53 hours. How long < - aie trips? 15h 


Triangular area: 173 units. 
Rectangular area: 15é units. 
a How much smaller is 
the rectangle ? (2 units 
Bs What is the total area of 
the two figures together ? fae, 





3483 grams. How much more does a box of Brand X weigh 
than a box of Brand Y 729.4, 122 


A20z 
* Give the 
perimeter for 


each figure. 


1 One box of Brand X: 3763 grams. One box of Brand Y: 





More practice, page A-25, Set 47 





Using the Exercises 

The problems on page 245 may be 
assigned as independent work or 
you may have children work to- 
gether in groups to solve them. 
Once the situation in each prob- 
lem is understood, it simply be- 
comes an exercise in addition or 
subtraction with mixed numerals. 
Problem 7 may need special expla- 


nation: 
15 = 148 
— 126 = 128 Assignments (page 245) 
26 Minimum: 1-5. 
Average: Even-numbered prob- 
lems. 


Maximum: 1-13. 


Duplicator Masters, pages 52, 53 


Workbook, pages 84, 85 


245 

















PAGES 246-247 
Objective 

The child will be able to use 
mixed numerals to measure lengths 
to the nearest fractional part of a 
centimetre and to add or subtract 
these measures. 


Preparation 


Materials 

transparency of a clear plastic ruler 
suitable for use on an overhead 
projector 


Unless you wish to review mea- 
surement as approximation or some 
other related topic with which the 
children have had difficulty, begin 
immediately with this investigation. 


Investigation 

The children have had many ex- 
periences in using centimetre rulers to 
determine the length of a given object, 
but, in this lesson, they are required to 
measure with a greater degree of preci- 
sion. This investigation gives them an 
Opportunity to study centimetre rulers 
with different scales and to compare 
measurements made to the nearest cen- 
timetre, 1/2 centimetre, and 1/10 cen- 
timetre. It would be appropriate for 
children to work in groups of two or 
three so that they can help each other 
make some measurements. Have avail- 
able several objects which children can 
measure. They, of course, might meas- 
ure books, parts of their desks or chairs, 
shelves, etc., but other objects such as 
dominoes, dice, egg cartons, a check- 
erboard, a playing card, aquarium, bul- 
letin board, pictures, and so on might 
stimulate more interest. Direct the chil- 
dren to carefully name each object and 
record its length to the three specified 
degrees of precision. They might find it 
helpful to make a table on which they 
can record this information. 
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® How can you use fractional 
numbers in measurement? 


Investigating the Ideas 


Using ruler a, the 

length of the pencil is 

closer to 7 centimetres 

than to 6 centimetres. 

The length of the pencil 

to the nearest centimetre 

is 7 centimetres. 

Using ruler s, the length 

of the pencil to the nearest half centimetre is still 7 centimetres. 


What does ruler c show ?The length to the nearest tenth mele < 
is 5 om 


f See anveseanee 
Can you measure some objects and record their lengths 
to the nearest cm, nearest } cm, and nearest j5 cm ? 


Discussing the Ideas 


1. Use ruler p to explain IL 
how to find the length oi 
of the bar to the nearest ae 


half centimetre. 
et em marks show itis 
closer to Stam than to Gem. [E] 


2. Use ruler £ to find eae 
the length of the bar to the nearest te 


3. Give the length of each object, according to the directions. 


A ngagrest centimetre B nearest 4 centimetre c nearest ;> centimetre 
cm 





Discussion 

As you discuss the measurements 
children made in the investigation, 
point out that in each case the three 
measurements differ in degree of 
precision. We get closer to the ac- 
tual length of an object when we 
measure it to the nearest tenth of a 
centimetre than when we measure it 
to the nearest centimetre. Continue 
this development in your discussion 
of exercises | and 2. 

Explain that each type of mea- 
surement is useful for certain pur- 
poses. However, there are times 
when we want a more precise mea- 
surement. You might also mention 
to the children that for some mea- 





surements we use hundredths, thou- 
sandths, and even millionths of a 
centimetre in order to measure an 
object with great precision. 

Use transparencies or clear plastic 
rulers on the overhead projector during 
your discussion, with examples to re- 
mind the children how the 4/2-cm mark 
on a ruler helps us to measure to the 
nearest centimetre, and so on. Continue 
to stress that the smaller the unit in 
which a measurement is given, the 
closer that measurement is to the actual 
length of an object. 


nth of a centimetre.5 3 cm 


1. Give the length of each object according to the directions. 
A nearest 5CM I?4cmB nearest jh CM g&cp,c nearest 4 cm Bkam 








2. Find the length of the segment to the nearest } centimetre. 
PN it at a ee ee B 
45cm Tom (@% cm is also acceptable), 
3. a Draw a segment that is as long as 2a and 2s together {About 12cm) 
sB What is the sum of their lengths to the nearest; centimetre 2 /Sem 
( Ilem is alse acceptable.) 
4. Draw segments of the following lengths. 
a 2}cm Siete hee BE aacm 6 95cm 
B 73cm pd 6cm F 45cm H 139cm 
5. Use the segments 
in exercise 4. 
Find the sums 
and differences 
of each pair 
of lengths. 
a AandC ti, /Z 
B BandG !7,2 
c CandF @2,¢ 
p FandH sz. 22 
6. Tell which is longer. 





Using the Ideas 
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measurement is to the actual length 
of an object. 

You might also point out how 
fractions in measurements need not 
be expressed in lowest terms if 
they indicate what the unit of 
measure is. For example, if a 
measure is reported as 25/10 cm, this 
may help to indicate that the measure- 
ment was made to the nearest !/10 cen- 
timetre. 


Using the Exercises 

As children work on the exercises 
on page 247, be prepared to help 
any who have difficulty using the 
smaller fractional units on the ruler. 
Remind them that the fractional 
part of the unit used should be 
stated (‘‘... to the nearest ___’’) 
when they report the measure of 
an object. Stress that all measure- 
ment is approximate and that the 
fractional part of a unit is used to 
give measurements with greater 
precision. 


Assignments (page 247) 
Minimum: 1-2, 4. Average: 1-5. 
Maximum: 1-6. 





Mathematics 

The ideas of this lesson lay the 
groundwork for children to under- 
stand the ideas of precision and 
accuracy of measurement in their 
study of measurement in junior or 
senior high school. 

The precision of a measurement 
depends upon the unit selected; of 
any two measurements of an ob- 
ject, the one which uses the smaller 
unit is the more precise. Precision 
is usually described in terms of the 
greatest possible error of a mea- 
sure, which is defined as one half 
of the smallest unit used in the 
measurement process. Thus, if 
we measure an object to the near- 
est centimetre, the greatest possible 
error is 1/2 centimetre; when we meas- 
ure to the nearest 4/10 centimetre the 
greatest possible error is 1/20 cen- 
timetre, and so on. 

Accuracy in measurement is a 
slightly more abstract concept and 
depends upon the relative error of 
the measurement. Relative error 
is defined to be the ratio of the 
greatest possible error to the mea- 
sure of the object. Thus, the rela- 
tive error made in measuring an 
object that is 5 centimetres long to the 
nearest centimetre is 1/2 to 5, or !/10. If 
a 4-metre rug were measured to the 
nearest centimetre, the relative error 
would be small: 1/2 to 400, or ?/so0. 
This small relative error denotes great 
accuracy even though the precision of 
the measurement is the same as that in 
the measurement of the 5-cm object. 


Resources for Active Learning 

Applied Mathematics Cards, 
Group 2/29, Schofield and Sims. 
(Available from Mafex Associates, 
Willowdale) 
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PAGES 248-249 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

Review any topics in this chapter 
with which the children have had 
special difficulty. In particular, re- 
view problems of the type found in 
exercise 5 on page 248, for these 
are perhaps the most difficult prob- 
lems, with respect to the mechan- 
ics of operations, in the chapter. 
Give the children problems to work 
at the chalkboard, and have them 
explain the steps to each other. 
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1. Write the addition or subtraction equation suggested by 


each number-line picture. 














. Give the correct whole number for each exercise. 
a 23 Bp 24 c 488 p 2+ 83 e 2+ 84 
3. Solve the equations. 


A2+}=n25 8 34+n=332 cnt+$=494 wv 5=5+nF 


4. Find the sums and differences. Give your answers in lowest terms. 








2 3 3 9 5 3 5 
A 5 B 5 Cc 10 D 10 E 8g F 4 G 6 
E 2 D. —s 1 _ fae I 
+s =e +10 i0 +4 3 4 
"ee Sodeg L = cE + eS 
Fae ar og Fee ene: ny 4 sone 
MH io T 10 15 QS = 20 T 205 20) ied © 
3 117 Se = Ay dr Ze ga 3 3 
L gt 334 M 3— 3734 No5ia 315 ° p+ Berle 


5. Find the sums and differences. Give your answers in lowest terms. 


a 73 B 8 Camon, 
+3biok Aha 498g 

p 153 —e 132 F 58} 

—Sio7's ft Seay 9 = 128 
455 


. Give the perimeter. 192 
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Discussion 

If you choose to use page 248 as 
an evaluation instrument, have the 
children do the exercises, and then 
discuss the page with them after 
you have checked their work. If 
you prefer to use this page strictly 
as review, work through several 
problems together and stress con- 
cepts which seemed particularly 
difficult during study of the chap- 
ter. Remind children that although 
it is preferred that they use frac- 
tions with lowest terms in their an- 
swers, improper fractions (which 
are correct) are acceptable. 


Follow-up 

If the children are interested, pro- 
vide more space data, such as the 
following, and ask them to create 
word problems which involve 
O Mh whole-number operations and addi- 
tion and subtraction of fractional 
numbers. 













Celestial Fractional Part of 
Bodies Earth’s Weight 





The table shows the symbols for 
the planets and the speed at which 
some of the planets go around the 
sun. The picture above shows the 
orbital paths of some of the planets 
around the sun. The sun is much 
larger than any of the planets. If you 
think of Jupiter, the largest planet, 
as being the size of a pea, then the 
sun would be about the size of a 
softball and Earth would be only 

a tiny speck. 


Moon 


olen oe 


Venus 
Mars 
Jupiter 


Mercury 





2 
5 
2 
3 







Venus 
Earth 
Mars 
Jupiter 


nN 
co nN 


Sun 










Workbook, page 86 








Saturn 





Uranus 





Neptune 





Pluto 


1. About how many kilometres per second faster is: 
a Marsthan Saturn? c Marsthan Jupiter? e Uranus than Neptune ? 


B repus than Earth ? ip saturn than be F Jupiter than Neptune ? 


Zz: Serene is about 403 aa per second Lecter than Uranus. 
About what is the orbital speed of Mercury ? 4743 Km/s 





3. The moon orbits Earth at about 13 kilometres per second. 
The speed of Pluto is about 32 kilometres per second more than that. 
About what is the orbital speed of Pluto 244 km /s 


4. Manned satellites orbit Earth at about 27 200 kilometres per hour, 
or 23 kilometres per second faster than Neptune orbits the sun. 
About what is the speed of these satellites in kilometres per second ? 7. k 
20 m/s 
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Using the Exercises 

Before you assign page 249, read 
and study the introductory infor- 
mation with the children. You 
might point out that they have 
learned how widely the planets 
vary in size; emphasize that the 
sun is so much larger than any of 
the planets that if we attempted 
to show the planets in the proper 
scale on this drawing, they would 
be nothing more than tiny specks. 
Give the children considerable lat- 
itude in discussing the facts pre- 
sented in the chart, and then have 
them do the exercises. When they 
have finished, allow time for dis- 
cussion and for checking papers. 
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PAGES 250-251 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any top- 
ics with which they have had dif- 
ficulty. Since a considerable amount 
of this “‘Keeping in Touch” lesson 
is devoted to place value, as prep- 
aration for the introduction of dec- 
imals in the next chapter, you will 
perhaps want to include in your 
review a considerable amount of 
work on place-value names. Note 
that exercise 6 is also, in a sense, 
preparation for decimals. You may 
choose, during your preparation 
period or as a follow-up to this les- 
son, to provide additional exercises 
like exercise 6. 
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a thousands’! 
B ten millions’? 


machine and complete 
these tables. 


6. Solve each equation. 


1a _ gent 1 
A160) 2100 D 16 
B > = 2,30 Ee 

10 100 100 
c & = 7 e0 a 

1Ops> ©2100 100 


Fi 
A 
Cg 
}= 


Discussion 

Have the children do the exercises 
on page 250 independently. When 
they have finished, allow time for 
checking papers and discussion of 
the exercises. Be sure, during the 
discussion, to emphasize place 
value and the names of the various 
places. Have several children ex- 
hibit and explain to the class their 
work for exercise 6. 

You may find it helpful, since 
the next chapter is on decimals, 
to make up several additional prob- 
lems of this type and have them 
presented to the class. 


1. For the numeral 96 321 587, tell which digit is in each of these places. 
c hundred thousands’ 3 
pb ten thousands’ 2 


5. Think about the function pa eS a a 
(2x n)+8 














—— 


E millions’ © 
Fe hundreds’ © 


2. Copy each sentence. Give the missing words and numbers. a 
a The 3 inthe _? place means 3 «x ill. ioe"? 
B The 9 inthe _?__ place means 9 x |i]. Millions: 
c The6inthe _ ? _ place means 6 x lil. illions’, 
5 


1000000 000 


3. Give the correct sign (<, =, >) for each |}. 
a 53 680 ll 50 000 + 3000 + 500 + 80> 
e 657 009 {lb 600 000 + 50 000 + 7000 + 90< 


4. Each book costs $2.49. Bought 6 books. Paid how much for books ?$ !494 


Function Rule 


Function Rule | 
(nx n)-—n : 


nd the length (to the nearest centimetre) of each segment. : 


BisOem 


D 7em 
F9em 





THE WORLD 


Africa YTS 


North America {8% Abo: 
South America About 175 million 
Europe %&PPFAwoutGZ5 million \ 


Asia Wrateeserecesessees ss ‘ 
About 2 billion, or 2000 million 


About 350 million 
(375 aiso ae ie ih 


300 \ Wilion 


(150 also acceptable) \ 


Each ¥ represents 100 million people. 









This pictograph shows the population of five of the seven large 
blocks of land (continents) on the earth’s surface. Antarctica is the 
only continent that is not populated. The population of Australia 
and the islands of the Pacific Ocean (Oceania) is about nineteen 
million and is too small to show on the pictograph. 


1. List the continents given in the pictograph. Beside each 
continent give the approximate population. See above. 


2. Use the pictograph to tell how many times as many people live 


in Asia as in North America. A!most 7 times as many 


3. Use the pictograph to tell how many more people live in Asia 
than on the other four continents combined. 500-600 million more 


4. The total population of the world 
was about three billion six hundred 
thirty-two million people in 1970. 
Write the numeral for this population. 


* 5. 
of each 
Let the 


3632 000 C00 


The approximate area (in square kilometres) 


continent is given in the table. 
symbol fiijj represent 1 million 


square kilometres and make a pictograph 
that shows the sizes of the continents. 


See Answers, 
T.E. page 251. 


Using the Exercises 

Before assigning page 251, read 
and study the material at the top 
of the page with the children. Be 
sure to give the children adequate 
opportunity to discuss the picto- 
graph and the meaning of the por- 
tions of symbols. Specifically, the 
children should recognize that, 
since each symbol represents 
100 000 000 people, fractional parts 
of these symbols would represent 
fractional parts of 100 000 000 peo- 
ple. Ina lesson like this, much value 
is derived from stimulating the chil- 
dren’s interest concerning the 
topic being presented as well as 
from just working on the arithmetic. 


N. ener 24 500 000 








17 800 000 
10 500 000 
44 600 000 
30 300 000 

7 700 000 
13 300 000 


S. America 
Europe 


Asia 
Africa 
Australia 
Antarctica 
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: 


Following this discussion, have 
the children do the exercises. When 
they have finished, allow time for 
more discussion and for checking 
papers. 





Follow-up 

You may choose to extend exer- 
cise 5, page 251, into a class activ- 
ity, having children prepare charts 
for display. You might suggest that 
they add to such a display any pic- 
tographs which they can find in 
magazines or newspapers. Also, if 
you can find statistics suitable for 
a pictograph, you might have the 
children use these facts in con- 
structing their own pictograph as 
part of the activity. 


Answers, exercise 5, page 251 
The children’s pictographs should 
show the following number of sym- 


bols: N. America—24!/2 
S. America— 174/s 
Europe— 101/2 
Asia—443/s 
Africa— 30?/3 
Australia— 73/4 
Antarctica— 131/3 
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CHAPTER 12 Decimals 


Pages 252-267 


General Objectives 


To introduce decimal notation 

To provide additional experience 
in working with fractional num- 
bers 

To extend concepts of place value 
to include tenths, hundredths, 
and thousandths 

To introduce addition and subtrac- 
tion of fractional numbers using 
decimal notation 

To relate notation for money to 
decimal notation 

To provide experience in using 
decimals in measurement 


The beginning pages of this chap- 
ter define decimals and introduce 
the tenths’, hundredths, and thou- 
sandths places. Subsequent mate- 
rial prepares the children for the 
necessary steps involved in adding 
and subtracting fractional numbers 
using decimal notation. The next 
pages of the chapter provide: (1) a 
lesson dealing with the relationship 
between work with fractional num- 
bers using decimal notation and the 
familiar work with the usual nota- 
tion for money and some word- 
problems; (2) a final lesson relating 
decimals to metric units of mea- 
surement; (3) cumulative and chap- 
ter reviews. 


Mathematics 


A discussion of decimals is mean- 
ingful only if we carefully dis- 
tinguish between the two concepts 
involved: 


1. The notation (the decimal sym- 
bols that we write). 

2. The set of numbers represented 
by the decimal symbols. 


When we use decimal notation, 
we are merely choosing an efficient 
way of writing symbols for frac- 


tional numbers. It may help you . 


to think of decimal notation as a 
way of simplifying the use of frac- 
tions. Fractions whose denomina- 
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tors are any whole number except 
zero may be written in fractional 
notation, whereas only special frac- 
tions whose denominators are 1, 
10, 100, 1000, . . . may be written 
in decimal notation. We can extend 
our place-value system in the fol- 
lowing way to give meaning to 
decimal notation. 


Place-value Names 
Numeral 





ee: 


6. hos 
XIX) XIK IBS 
10° [104 [1051102] |10+}10 


——— 
The Value of Each Place 


Place-value Names 
Numeral 















J 

S 

& 
BS Cag 53: a Set ee 
x IX] [Xx ak 
1 uN | Me cy) | ie! 
LO /1 Of {1 04) |1 04]]7 05] ]1 0g 


SY 
The Value of Each Place 


Once we understand decimal nota- 
tion we can derive rules for com- 
puting with these new symbols 
because we understand fractional 
numbers. To develop skill with 
decimal notation it is necessary to 
have an 


1. understanding of computation 
with fractional numbers, using 
fraction notation. 

2. understanding of the relation- 
ship between decimal notation 
and fraction notation. 


The following equation is a spe- 
cial case to illustrate the general 
definition of the use of decimal 
notation. 





3.672=3+ 10 “i 160 5 1000 


In order to read 3.672 as three 
and six hundred seventy-two thou- 
sandths, we must show that, given 
the basic definition of 3.672 above, 


6 7 2 = 672 
cue a i ie 100 ay: 1000 = 37000. 





The proof is simple, but neverthe- 
less, it is an important step and 
should not be omitted: 


6 7 2 
3 + to + td0 + 1000 





= 600 70 2 
= 3 =k 1000 = 1000 + 1000 


= 672 
.< 1000 








Teaching the Chapter 


Materials 


Centimetre ruler, clear plastic, for 
use on overhead projector 

Centimetre rulers (1 per child) 

Metre stick 

Overhead projector (if available) 
and transparencies 

Slips of paper, 7 by 12 centimetres 


Vocabulary 

centimetre metre 
decimal millimetre 
decimetre tenth 
hundredth thousandth 


Although children may have 
been introduced to the terms tenths, 
hundredths, and thousandths prior 
to this chapter, we include these 
words in the new vocabulary be- 
cause they have not been pre- 
sented in the context of decimals. 
Point out for the children that the 
difference between tenths written 
as a fraction and tenths written as 
a decimal is simply a matter of 
notation; do not present tenths as 
something really new in this chap- 
ter. The only thing that is new is 


the way we write tenths or hun- 
dredths or thousandths. 

The children are not expected to 
memorize the words for metric 
units of measurement. However, 
if you point out to them that deci- 
means one tenth, centi- means one 
hundredth, and milli- means one 
thousandth, they will be more 
likely to remember these names. 
Explain to the children that, since 
centi- means one hundredth, a 
hundredth of a metre is called a 
centimetre; and since deci- means 
a tenth, a tenth of a metre, or ten 
times one centimetre is a decimetre. 
Similar statements apply to milli- 
metre. Do not insist that children 
master these words. The important 
objective is to acquaint the children 
with the idea of work with deci- 
mals associated with measurement 
concepts. 


Lesson Schedule 


Plan to spend about a week and a 
half to two weeks on this chapter. 
Of course, you may wish to adjust 
your schedule to the special needs 
and abilities of your children and 
to the amount of time left in the 
school year. All the material cov- 
ered in the next three chapters — 
decimals, multiplication and divi- 
sion of fractional numbers, and 
graphing — will be covered in detail 
in Book 6. Therefore, you may ex- 
ercise some freedom in your selec- 
tion of topics if the time left in the 
school year is limited. 


Evaluation of Progress 


Since one of the chief objectives of 
this chapter is to help children gain 
an understanding of work with dec- 
imal notation, you will want to 
focus much of your evaluation on 
the degree to which the children 
have attained this understanding. 
Children’s abilities to add and sub- 
tract using decimal notation and to 
work with money problems and 
word problems in general are im- 
portant skills developed in this 
chapter and should be a part of 
your evaluation. However, a much 
more vital area for evaluation is 
the children’s understanding of 
the concepts with which they are 
working as they use this notation. 
Usually this type of learning is best 
evaluated on a day-to-day basis, by 
continual observation of the chil- 
dren’s comments and reactions dur- 
ing discussion periods. 

Your overriding concern should 
be to convince children that they 
are working with exactly the same 
fractional numbers that they have 
worked with previously and that 
the only difference is in the marks 
they write on their papers. Once 
you have convinced them of this, 
it is easy to point out to them the 
convenience of working with deci- 
mals. That is, when working with 
decimals, they can think of work- 
ing with fractions that have com- 
mon denominators (assuming that 
they line up the decimal points); 
hence, they can add and subtract 


with such notation rather easily. 

The discussion section on page 
258 emphasizes that the children 
may think about converting deci- 
mals to fractional notation to com- 
pute. Naturally, they will not always 
want to think this way, but it is 
important as a first step toward un- 
derstanding the use of decimal no- 
tation in adding and subtracting 
rational numbers. 

Pages 264 and 265 provide ma- 
terial to use either in reviewing the 
chapter or in evaluating progress, 
as you prefer. The cumulative re- 
view on pages 266 and 267 may 
help you check the children’s reten- 
tion of concepts previously taught. 


Resources for Active Learning 
GENERAL ACTIVITIES 


Discovery, Section II, Unit 14/5,6, 
Encyclopaedia Britannica Educa- 
tional Corp. 

Mathex: Numeration No. 7, “Dec- 
imals,”” pp. 47-48 (pupil pages 
52-60), Encyclopaedia Britan- 
nica Publications Ltd. 

Nuffield Project: Computation and 
Structure 4, ‘““Extension of Place 
Value,” pp. 11-12, Wiley. 


MANIPULATIVE DEVICES 


Abacus or abacus board (school 
supplier) 

Centimetre Decimal Set 
Media) 

Metre Stick (Geyer Instructional 
Aids) 


(Math 
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PAGES 252-253 
Objective 

Given a fraction with a denomi- 
nator of ten, the child will be able 
to write a decimal numeral for 
the fraction. 


Preparation 

To prepare for this lesson, you 
might briefly review how different 
fractions can be used to represent 
the same fractional number and 
how to write pairs of equivalent 
fractions. For example, write pairs 
of fractions such as the following 
and ask children to supply the miss- 
ing number for n. 


Zeer din 
5 15 Se 20 
7_3n Epeied 
Pam Sa 24 
J B dE 
5 5 Aa? 


Such a review, using familiar de- 
nominators, should help the chil- 
dren begin the investigation of this 
lesson with greater understanding. 


Investigation 

Direct the children to study the 
function machines carefully. They 
should understand the rule for 
function machine A before they 
proceed to study function machine 
B. Some will find it helpful to share 
with each other what they think the 
rule for each function machine is. 
Help any children who seem con- 
fused with function machine A, but, 
for those who understand A, give 
little guidance concerning function 
machine B. Encourage them to ap- 
ply what they think is the rule; then 
tell them whether or not they are 
correct. 


252. 


12 Decimals 








aA |\GO' 2 tens, 3 ones, 
and 8 tenths 





@ What is a decimal numeral? 


Investigating the Ideas 


Each output from function machine a 
becomes an input for function machine B. 


SILLS | AISORen OE 1 ey ei |) 
3635 





a 


| 2.9| eal Coli | OLD Ale, aoe esa oee 
3615 





Can you figure out how these two function machines work ? 
Show you know by giving output 8 for each of these 
inputs for a.042,082,3534,4242088 ¢ 634,747 





Discussing the Ideas 


1. Explain each function rule in the Investigation. 
Rule A: Give each input number as a fraction or mixed numeral witha denominator 


10. Rule B: Ex 


2. Study the table and give the missing decimals.~.'9; mput WMberas 


decimal. 


twenty-three 
aoe and eight tenths 

eighteen and 
Ue four tenths 





1835 


one and two 
2 








seven tenths 


as 
10 


Il 0-7 








Discussion 

The main point of this lesson is for 
children to write and read tenths in 
decimal notation and to understand 
that decimal notation is simply an- 
other way to represent fractional 
numbers. As you discuss the chart 
for exercise 2, point out to the chil- 
dren that in the first column they 
see the objects; in the second col- 
umn they think about the number 
of tens, ones, and the number of 
tenths; and in the third column they 
see two different ways to write this 
number (with fractions and with 
decimals). Emphasize for the chil- 
dren that they are learning a new 
way to write a symbol for frac- 


tional numbers. For example, the 
old form was 2374, and the new 
form is 23.8. Actually, we read 
both notations the same way: 
twenty-three and eight tenths. 





. For each exercise, give the correct mixed numeral 


and the correct decimal. 


a For8 tens, 3 ones, and 6 tenths, we write |lill or |iill. 


Answer: 
3, 83.6 
B For 1 ten, 2 ones, and 5 tenths, we write |jl or jl. < 
! = 
c For 3 tens, 0 ones, and 7 tenths, we write |il or iil. ar 
: 30 76, 30.7 
p For 9 tens, 7 ones, and 1 tenth, we write ||| or |i. ater 
E For 8 tens, 3 ones, and 9 tenths, we write ||lll or |i. bee Be re 
F For 1 ten, 4 ones, and 3 tenths, we write ||lll or iil. hice 
2 47 ? {4. 
« For5 tens, 1 one, and 8 tenths, we write |ll or lll. & : 
" Sl To? 51.8 
H For 6 tens, 2 ones, and 4 tenths, we write |liil or iil. < 
6275 , 62.4 


. Copy each exercise and give the missing numerator 


or denominator. 
a68=6+ Ge 
B17.5=17+2? 
c 06 =e 


p 239=23+ i456 
© 746=74+6 
~F18,1 = 18.4 4° 


. Give the correct decimal for each sum. 


pa 
Bee ip Soe ae 
B 23+ To eE1+ ib 
ay ena, 237 +2: 
c 
* 80.9 ‘ apiToagey he 


. Give the missing numerator and then give the decimal 


for the sum n. 
a4+4=4+}=n E 
> 
B6+3=6+20n ee F 
c 23 +3= 23+ rn _ 
do10+2=10+}fen — 
5 10S— 10.8 


More practice, page A-26, Set 48 


7) 


Using the Exercises 

The exercises on page 253 rein- 
force the concept that the decimal 
notation here is simply another 
way of representing fractional num- 
bers. Notice that the children work 
exclusively with tenths, so_ this 
concept is their major concern. 
When children have finished the 
exercises, it would be helpful to 
have them write their answers on 
the chalkboard and read them 
aloud. Starred exercise 4 is op- 
tional, but a discussion of it would 
help to emphasize the main points 
of this lesson. 





36 + $= 36+ tim 
126 + $= 126 + i= 7 
744+2=744+ ten 
81+) = 81+ ib=n 


Using the Ideas 





G 22=2+ 2 
H 3.7=3+4+ 407 


1 37.4=37+4 
to 


G53 4-5 
+ 1055 


o 


4 
26.5 
T4..6 
re 
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Assignments (page 253) 


Minimum: 1-3. Average: 1, 3-4D. 


Maximum: 1-4. 


Resources for Active Learning 


Experiences. in Mathematical 
Ideas, Vol. 1, Unit 5, Experi- 
ence 5; Unit 6, Experience 3, 
NCTM. 

Mathematics in 
Addison-Wesley. 


Modules, FS, 


Workbook, page 87 


re 
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PAGES 254-255 
Objective 

Given decimals involving tenths, 
hundredths, or thousandths, the 
child will be able to read and write 
them. 


Preparation 

To prepare for this lesson, review 
the use of tenths, as developed in 
the previous lesson. For example, 
write lists of fractions and decimals 
using tenths and have the children 
match them. 


ay fs) 

234 0.7 

74 7.6 

73 2S 

10 eS 
Discussion 


Explain to the children that the 
diagram in discussion exercise | 
shows how we extend our ordinary 
place-value system to write sums 
such as 


9876 a 10 réo oi 000 . 





Be sure to draw parallels for the 
children between the tens’ place 
and the tenths’ place, the hundreds’ 
place, and the hundredths’ place, 
the thousands’ place and the thou- 
sandths’ place. 

Using an extension of our place- 
value system, the children will 
learn to write 9876+ 7% +i¢0+ 
zoo0 aS 9876.432. You may find it 


254 


for 8.396. 


254 





a7.36=74+3+H=7+4+2 OOeans 
Bp 2.94=2+ H+ id= 2+ we% Wo= 21* 


@ How can we read and write decimals? 


Discussing the Ideas 


1. Study the decimal for 9876 + 4 + 135 + ié0- Then give 
the missing word and number in each exercise that follows. 


rouge) Hunted) Te! 
i YACE: Hpiceiee tin 


The 4 in the tenths’ place means #. 
The 3 in the hundredths’ place means 5. 
The 2 in the thousandihe: place means io. 





A 28.45: The 2 in the __? __ place means |||. tens',z0 

Bp 28.45: The4inthe E __ place means |||. tenths’, & 

c 531.64: The5inthe _ ?__ place means lll. hundreds’, 500 

p 531.64: The4inthe _?__ place means |lll|. hundredths’, & 

—E 2876.354: The 2 in the __? __ place means lll. tnousands’, 2000 
F 2876.354: The 4 in the __? _ place means ||]. thousanaths’, 5 
c 5.04: The 4 in the __? _ place means |||. hundredths’, 4 

H 26.008: The 8inthe _?_ place means |llll. thousanaths’, 55 
1 0.326: The2inthe _?_ place means ||. hundredths’, = 

Js 0.605: The 5 in the __ ? __ place means ||. thousandths’, 55 


2. Study examples a and B below. Then give the missing 
numerator in each exercise. 


F B25=8+ + ho= 8+ A + rho = Bi 


We read “eight and twenty-five hundredths” for 8.25. 


We read “eight and three hundred ninety-six thousandths” 


30 36 


= Trbo 


3. Read each decimal in question 1 of the Discussion. 
Sample: For 28.45 read, “Twenty-eight and forty-five hundredths ”. 





helpful to use other examples to 
illustrate this point further. 
Exercise 2 provides the basis for 
our manner of reading decimals. 
Help children see that a sum such 
as 7 + zoo Can be arrived at quickly 
and they can write 7% without 
much deliberation. Also point out 
how knowing the place values en- 
ables them to read decimals. The 
place of the last digit to the right 
gives its name to the decimal being 
read. Thus, 32.574 is read, “‘thirty- 
two and five hundred seventy-four 
thousandths.”’ The decimal point 
is read as “‘and,” and the decimal 
fraction is read as an ordinary base- 
ten numeral labelled according to 


the thousandths’ place. Exercise 3 
is intended to provide needed prac- 
tice in reading decimals orally. 


* 4. 


A 0 a 100 + TO00 + T0000 506 
9.53089 

B To ag 160 BH 10 800 + 700 000 

c 100 000 + 100505100000 o0ooo!l [> 


p 1000 + ios + rocdco0 











. Copy each exercise on your paper and give the missing numerator. 
a 8.6 = 84° e 20.7 = 20,47 1 15.04 = 15,i,* 
pB 7.9=7}? r 56.8 = 5674 ° J 9.07 = 97157 
c 0.4 = 6 17.6 = 17:4 ° « 1.007 = 132457 
p 0.05 = & u 156.4 = 15614, * 1 0.008 = , 8 

. Write each fractional number as in the examples. See Answers, 

Example 1: 13.28 =13 4 2 ee T.E. page 255. 
Example2: 4.725=4+4+335+ i 
a 4.O2nnEeo.G2 “ 7.81 m 926.4 a 768 vu 43.4 
Sopeoje efoor ~~ 7.012 ms 92.64 er 7.68 v 43.04 
© 9.25 s'4esio2 "x 7.846 0 9.264 s..0.768 wi4.304 
vp 3.14 uw 73.2 . 70.84 pe 9.064 + 0.076 x 4.004 

. Give the correct decimal for each sum. Bai 
a7+%72 H 6435+ te5 + 10 0 7 + 165 7.008 
pee tte | 8+ ib + rho + rho 4 + th + rbinauos 
¢ 7+ + 165+ ooo 8+ %&+ 10+ 10 a 765 + fo 765.2 
03+7335 k 8+. 4 + 198.206 R Srastaierbure-s2 
EN Oe to + 18535! B'S: 6 + 765. + ho 8° 7 + 75+ 100 a. eo 
F34+5+70+ aR°M 8 + isp 8.006 tT 7+ 385 + 1607.052 
e6+y+10678 N 9+ 1859.00 u 7+ 75+ 107.502 
Give a decimal for each sum. 


7-2367 





1o000.001001 


More practice, page A-26, Set 49 





Using the Exercises 
Have the children do the exercises 
on page 255 independently. When 
they have finished, check the exer- 
cises together and then give the 
children an opportunity for further 
practice in reading decimals orally, 
perhaps using those in exercise 2. 
Many children will find the Think 
problem challenging. To write a 
decimal for #5, the children would 
be expected to consider the set of 
equivalent fractions for »'5. That is, 
by observing the fractions 35, 75, 
and +é0, they should conclude that 
the decimal for ss is .04. To write 
a fraction for .000001, the children 
need merely observe that the | is 





Using the Ideas 








in the millionths’ place, and hence, 


rtrd. ] 
the fraction is T 000 000° 


Assignments (page 255) 
Minimum: 1-2L, 3A-G. 
Average: 1-2P, 3A-N. 
Maximum: 1-4, alternate parts. 


Mathematics 

Part of the purpose of this lesson 
is to justify reading a decimal such 
as 8.25 as eight and twenty-five 
hundredths, after we have defined 
such a decimal to mean 8 + 7+ 
+0. Properly, the thing to show is 
that 7 + zén is, in fact, equal to 7o5: 


20 5 25 
100 ay 100% POG 





2 hie f+ 
10 =F LOOTe 


This clearly shows that 8.25 could 
be read as eight and twenty-five 
hundredths. This should be dem- 
onstrated rather than simply taken 
for granted. 


Answers, exercise 2, page 255 
A 4.62 = 4+45 + a5 

B, 7.83 = 7.4 + x5 
eehpplaie as Vaiss 

D 3:14=3 + it6+ it0 

E..8.62 = 8 + 35-4 a0 

F 86.2 = 86+ 4% 

G 7.32=7+4+ 7+ 70 

H 73.2=734+% 

I 781=7-4 & +60 

J 7.812 =7+ fo4+ abot 1600 
K 7.846 =7 + <5 + 60 + r000 
L. 70.84 = 70 + 4 + zs 

M 926.4 = 926 + 7% 

N 92.64 = 92+ 3 + 1é0 

O 9.264 = 9 + 45 + zo + abd 
P 9.064 =9 + 3% + 160 + 1000 
Q 76.8 = 76 + a5 

SSS tare rpg. 

S 0.768 = + ho 

T Koren on 
U 43.4=4+3 
V 43.04= 43 +34 + té 

W 4.304 = 4+ 4 + x0+ ro00 
X 4.004 = 4 + aso 


























Follow-up 

Ask children to find examples of 
various uses of decimals. The boys 
may enjoy working with the base- 
ball averages of their favorite 
players. 


Resources for Active Learning 
Developmental Math Cards, 1110, 
Addison-Wesley. 
Mathematics in 
Addison-Wesley. 


Modules,  F6, 


Duplicator Masters, page 54 
Workbook, page 88 
Skill Masters, page 54 
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PAGES 256-257 


Objectives 

Given 2 numbers written in deci- 
mal notation, the child will be able 
to write an inequality statement 
showing which represents the 
greater number. 

The child will be able to find 
sums or differences by considering 
the equivalent fractions for each 
given decimal. 


Preparation 

Materials 

slips of paper approximately 7 by 
12 centimetres, or paper suitable 
to be cut as the slips illustrated 
in the text 


Because of the nature of the in- 
vestigation, you might prefer that 
children begin it immediately. How- 
ever, you might also write several 
decimal fractions on the chalk- 
board and give children practice in 
reading them aloud. 


Investigation 

Although children would be able 
to investigate the ideas of this les- 
son by simply using paper and 
pencil, working with the slips of 
paper should provide a more con- 
crete appreciation for the number 
of possible arrangements of the 
digits. Remind children to keep a 
record of each decimal numeral 
they form. They must remember 
that the decimal point should be be- 
tween two of the digits; thus, num- 
erals such as .025, 205., or .250 are 
not acceptable. 


256 












@ Can we think of decimals in the 
same way we think of fractions? 













Examples: 


256 





Discussion 
Have children write their numer- 
als on the chalkboard: 


0.52 5.02 2.50 
05.2 50.2 2570 
0.25 2220) 2.05 
025 +20 pA Ue) 


As you work through discussion 
exercises | and 2, it would be help- 
ful to have children explain the 
place-value meaning of several dig- 
its. Stress, for example, that 5.02 
means 5+75+7%5, but moving 
the decimal one place can change 
this to 50.2, or 50 + 4. Also, use 
exercise IC to stress that these 
decimals represent fractional num- 


Investigating the Ideas 


Cut out 4 slips of paper 
and label them like this. 


Using all your slips, how many decimals 
can you form, if the decimal point is 
always between two digits ? 


Discussing the Ideas 









-B52 





See Investigation and Discussion. 


1. a Which of your decimals represent numbers greater than 1 ? 

B Which are less than 1 ? See Discussion. 

c Can you match any of your decimals with these numbers ? 
23, 54, 25, 504 

2%=2.50; 5% =5.20; 25= 25.0; 504=50.2 


2. Foreach pair, tell which is greater. 
A (25.0or 2.50 
B (25.0)or 5.20 


3. a Solve the equation: 
s What numeral should go 
on the blank slip ? 7 


c 25.0 0r62.0) e 0.052) 
D 0.0520r.52) F (62.0) 
5 


fot er 
0.8-0.8-0.8 





bers which may be written as frac- 
tions as well as decimals. Show 
how 24 = 235 = 27057 = 2.50; 545 
= S50 = 5.20; 25 = 2535 = 25.0; 
505 = 507 = 50.2. You might find 
it helpful to express several of the 
decimals in exercise 2 in fractional 
form, to help children compare 
them. Since 253% > 2755, then clear- 
ly 25.0 > 2.50. 

Exercise 3 continues to develop 
the basic fact that fractions with 
a denominator of ten may easily be 
written as decimal numerals. Since 
the children know how to add frac- 
tions, 7 + ao = 75 clearly leads to 
0.2 :+ 0.5 =,0.7. 





Record your 
decimals. 





See Discussion. 


1. Give the correct sign (<, =, or >) for each iil. 
E Oo.2 lh 52.9 7 
F 8.75 ill 8.76 < 
Gc 8.74 jl 8.64 > 
H 3.05 il 3.04 7 


a 75.6 ilk 75.3 7 
B 84.6 il 84.9 < 
c 67.2 ill) 68.2 < 
p 61.6 lf 62.1 < 


2. Find the sums and differences. 
A H-D=NS 8 Ht H=1 6 c Mt kh=n ow Wht ikb=—n be 
0.6—0.3=m 0.3 es 0.23+-0.34=mp57 0.15+0.63=mo.7¢g 


E or Won oe +43= n 3. wor 
0.25—0.15=m0.)0 0.38 +0.15=053 0.37 —0.19=mo.i8 0.56 +0.24=m0.20 


pes 0.3 Js 

75, +0.5 -—% 
ZS 08 

1o 

mM ~@ O29n 3 

it 017 = 

46 6.46 30 


1900 \oo 








. In each exercise, copy the first equation and give the missing 
numerators. Then give the correct decimal for the sum 


in the second age non: 


A $t+y= i$t+ tb La +4 - 
0.640.7— is 

4 

B iotto=tot+i=1+%5 
0.5+0.9=n).4 

+ 4 

€ jot t= 10+ i0=1 + 10 
0.8+0.6=n). 

I | 

D twm=1tw=I1+% 
0.4+0.7=n1.| 


18 80 
=n iin + Ab=n 

















More practice, page A-27, Set 50 


Using the Exercises 

Depending on the children’s need, 
work through parts of exercise 2 
before assigning page 257 as inde- 
pendent work. In particular, point 
out the alignment of the decimal 
point in the vertical notation of 
parts I to P of exercise 2. If place 
value is understood, children should 
realize that the decimal points must 
be aligned so that all place values 
are aligned and tenths will be add- 
ed to tenths, hundredths to hun- 
dredths, and so on. 

If you check the inequalities in 
exercise | orally, children will have 
another opportunity to practice 
reading decimals. 








Using the Ideas 






































K'6:231 lh 6.232 < 
s 6.451 ili seek Bee 
Kk 7.213 | | 6.987 7 
Py em sles ill ) 5.6175 








58 be 0.56 
[oje} 

27ep 3% 0.50 
32 












Assignments (page 257) 
Minimum: 1, 2A—H. Average: 1-2. 
Maximum: 1-3. 


Solution, Think, page 257 

Observe with the children that the 
hands will come together after 3 
o'clock. That is, the minute hand 
will have to go up to 12 and then 
come part of the way down from 
12 before the hands could possibly 
meet. Therefore, it will be between 
3 and 4 o’clock when the hands 
meet again. It could not be 3:12 or 
3:15, because the hour hand will 
have to be between 3 and 4. There- 
fore, we are left with the choices 
Of S15. 103218 OF S218 tors: 21s 
Now, notice with the children that 
the hour hand will be somewhere 
in the upper half of the space be- 
tween 3 and 4, because the minute 
hand is not past 6. Therefore, the 
correct answer would have to be 
B, since this answer takes in the 
upper half of the space between 
3 and 4. 


Follow-up 
A game such as the following will 
help children become more familiar 
with the place values in decimal 
notation. 

Form two teams and make large 
digit cards so that each team has a 
set of cards on which are printed 
the digits 0, 1,2,3,4,5,6,7,8,9 and 
a decimal point. Ideally, each of the 
eleven members of a team must 
place himself in the position which 
his digit card occupies in a desig- 
nated numeral. When a numeral is 
named by the teacher (or by a child 
selected by the teacher), the team 
members must position themselves 
so that the leader facing them, or 
other members in the class, can 
read the number. The first team 
which places themselves properly 
scores a point. The team with the 
highest score, after several num- 
bers have been given, is the win- 
ning team. Sample numbers for the 
leader to call are: 

3.76 27.564 80.425 

491.36 321.98 

Variations of this game may include 
preparing more than one card for 
each digit. 


Workbook, page 89 
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PAGES 258-259 
Objective 

Given addition or subtraction 
problems written in decimal nota- 
tion, the child will be able to find 
the sums or differences. 


® Let’s add and subtract using decimals. 


Investigating the Ideas 


Marty was usually a 
careful mathematics 
student. But on this 
paper she missed every 
answer because she 


Preparation 
No preparation is essential for this 
investigation, but if you choose to 


eS ; 
ale 


have an introductory session, write 
several pairs of decimals on the 
chalkboard and have children com- 
pare them and then read them as 
inequalities. 


Investigation 

Direct the children to do this short 
investigation independently. Re- 
mind them to check the addition as 
well as to place the decimal points. 
Watch for typical errors such as 


An 


Ue 


=a 


We 


Ask a child who takes such a mis- 
take to write the problem in frac- 
tion notation G5 + a5 = +4):and.dis- 
cuss how he would write 7% as a 
decimal. You might find it helpful 
to stress that {}is greater than one, 
but 0.13, or 18/100, is not. 


258 


points. 


forgot all of the decimal 


| 
e 
7 
ud 
- 


REN 
® 


i? 

iyi 

ee 
£ 


TRS 
s 

(= 
No 
NO | 


ase 
gol 
KT 
> Ain 


——~ 
+ op 


Can you copy Marty’s problems and 
correct them for her ? Be careful ! 





Discussing the Ideas 


Explain each step in the two examples. See Discussion. 


decimal point., 








258 











Step 3 


Subtract 5 
ones. 


230 = 


decimal point. 








Subtract Ml 


q'2 
8 
4 








Discussion 

As you work through the explana- 
tions of each problem in the discus- 
sion section, stress the equation 
shown at the bottom of each step of 


ical and the rules are simple. Have 
children work a problem step by 
step, individually, as each example 
is being discussed. Work through 
other examples as necessary. 


the problem. The understanding of ~~ Stress the importance of aligning 


decimal computation is developed 
through a study of fractions. Once 
understanding is achieved, the 
computation Is strictly mechanical. 
The method for adding and sub- 
tracting decimals is the same as for 
whole numbers, except for decimal 
point rules (which again can be 
understood by using fractions). 
The examples in the discussion 
section of the text are treated brief- 
ly because the process is mechan- 


the decimal point correctly. Note 
with the children that in this way 
we simply assure ourselves that we 
are always working with fractions 
having the same denominator. Use 
fractions to explain how 2.45 may 
be thought of as 2.450 (27% 
= 2;00). Do not overemphasize 
such exercises, however, as chil- 
dren will rarely be required to solve 


them. 











Follow-up 

Depending on the needs of the chil- 
dren, you might prepare and dis- 
tribute a worksheet similar to the 


Using the Ideas 







































































1. Each example is worked AD eL.G B 3.69 c?210.632 : ; . 
correctly except for 489 41.54 +0819 following for children to reinforce 
the decimal point. 165 523 4451 and practice the concepts and skills 
Cony the answersad 16.5 5.23 L451 of the present and previous les- 
place the decimal point p57 e 0.62 F 7.06 Spat 
correctly in each sum —1.7 —0.43 —2.19 
or difference. 34 19 487 Complete each inequality with the 

3.4 ONG 4.87 correct symbol (<,=, >) 
2. Find the sums. 
a 8.38 BfU-0g7) c 182.8 p 9.762 —E 64.35 a cee S rm ; eR fatal 
+6.75 +0.846 +654 +8.431 +74.69 C270270  F 5200 5.29 
15.13 .773 98.2 18.193 139.04 
F 7280 «6 8346 un 926 1 600.4 3 92.65 Copy the decimals in column form 
+97.54 +7.52 +87.59 +738.7 +34.71 PAGE 
170.34 15.866 180.19 ~ 1339.1 127.36 A 1.2 + 0.8 + 3.42 
K 87.4 uy —-64:3 m. 52.74 n 4.58 + 7.6 + 25.8 37.98 B 75.68 + 0.432 + 2.909 
C2 2.74 6.5 o 0.832+5.26+39. 45.192 C 0.986 + 0.05 + 0.687 
+93.1 + 84.5 +23.88 p 9.642 + 376 + 84.75 D 2.757 + 5.4 + 7.83 + 43.7 
245.7 151.54 83.12 490.892 
k ¢ Subtract. 
3. Find the differences. Check each of your answers by addition. Ae SG B 1.653 Cat oe 
A G4 Bie ois c 8.6 p 0.92 EnmOLGS —0.45 07? = 20S, 
—2.8 —0.9 —1.9 —0.65 —0.26 
oe a ie oa 0.27 O57 D 4.45 E 2.0 F 0.463 
rF 0.76 6 682 n 27.9 = 8.6 19.3 1 0.832—0.570.262 — 2.0 —0.326 — 0.108 
—0.09 —0.63 — ae | 
0.67 GAD ee ’ 
ey ey | x 6.95 Resources for Active Learning 
—5.07 -—2.9 Discovery, Section II. Unit 5/5, 
2.34 4.05 Encyclopaedia Britannica Ed- 
t 8.07 m 0.930 ucational Corp. 
— 1.58 —0.307 Developmental Math Cards: J*13, 
a se Addison-Wesley. [Using an aba- 
N 2 ce) 4 
—1.255 —0.009 olin 
5.809 7.593 


More practice, page A-27, Set 57 


Duplicator Masters, page 55 
Workbook, page 90 
Skill Masters, page 55 


ZO 








Using the Exercises 
Have children do the exercises on 
page 259 independently. When they 
have finished, check their papers 
and allow time for discussion. The 
stress again should-be on proper 
placement of the decimal point. 
Note this particularly in exercises 
2N-P, in which the child must align 
the decimals in vertical notation. 
For the Think problem, if chil- 
dren consider the last day of April 
as zero, then all multiples of seven 
will fall on Tuesday; thus, they 
need only count from Tuesday the 
28th to land on Friday the 3 Ist. 
Others may choose simpler solu- 
tions. 


Assignments (page 259) 
Minimum: 1, 2A-J, 3A-E. 
Average: 1, 2,3A-E. 
Maximum: 1-3. 


259 


PAGES 260-261 
Objective 

Given addition and subtraction 
problems using decimal numerals 
and monetary notation, the child 
will be able to relate money nota- 
tion to decimal notation and solve 
the problems. 


Preparation 

To stimulate interest in this lesson, 
ask children how expensive it is to 
own and use a car. Lead them to 
discuss the different expenses nec- 
essary to keep a car running and in 
good condition. Finally, focus on 
the need for fuel and the use and 
expense of gasoline, and direct the 
children’s attention to the investi- 
gation. 


Investigation 

Note that, in the data provided for 
this investigation, both the litres 
and the cost make use of decimals. 
If any child tries to add or subtract 
combinations of litres and dollars, 
help him think through his work 
to discover his mistake. If any chil- 
dren should happen to write a mul- 
tiplication or division problem, 
discuss with them how they might 
solve it, since they have not yet 
studied any methods for multiply- 
ing and dividing either decimals or 
fractions. If capable children want 
to try to solve such a problem, sug- 
gest ideas mentioned in the follow- 
up section of this lesson. If children 
remain within the scope of the in- 
vestigation question, they should 
finish this investigation quickly. 
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® Let’s solve some decimal problems. — 


Investigating the Ideas 








Jan Jones kept a record of the number of litres and 
the cost of the gasoline she used in her car in one week. 










Sample problem: 
How much did Jan 
Jones Spend on 
gas during the 
week? 


Problems will vary. See Investigation. $2.57+ $4.44+F5.46= 
tat ean £12.47 


Can you write and solve one addition and 








one subtraction problem from the chart ? 








Discussing the Ideas 






1. Explain how decimals are used in symbols for money, 


such as $7.54. To distinguish between number of 
dollars and number of cents 






2. What are some other uses of decimals ? See Discussion. 








3. Give the missing amounts and explain your answers. 
a Since 6.59+ 8.23 =14.82, we know that $6.59 and $8.23 is lll. 414.99 
B Since 3.65+6.25=9.90, we know that $3.65 and $6.25 is ||]. $9.90 
c Since 4.87 + 7.38 =12.25, we know that $4.87 and $7.38 is jl. $12.25 — 
p Since 5.95—3.49=2.46, we know that $5.95 less $3.49 is |. $2.46 
E Since 10.00—6.98=3.02, we know that $10.00 less $6.98 is Ill. 73.02 





Discussion 

As you discuss exercise |, ask chil- 
dren to express the value of various 
coins in decimal-money notation. 
Then ask them to change these nu- 
merals to fractions. For example, a 
dime, $0.10, is 1/10 of a dollar; a nickel, 
$0.05, is ®/100 of a dollar; a penny, 
$0.01, is 4/100 of a dollar; a quarter, 
$0:25, is 75/100 or 4/4 of a dollar; a 
fifty-cent piece, $0.50, is *°/100 or 1/2 
of a dollar. 

During your discussion of exer- 
cise 2, the children might mention 
the use of decimals to show kilo- 
metres on an odometer, weights or 
volumes on grocery packages, pre- 
cise temperatures, baseball batting 


averages and earned run averages, 
results of track and field events, 
and the like. 

Exercise 3 develops the impor- 
tant point that addition and sub- 
traction with money notation may 
be worked out as with decimal no- 
tation. Point out that $6.59 may 
be thought of as six and fifty-nine 
hundredths dollars. 





Follow-up 

To challenge capable children who 
are interested in figuring out how 
much Mr. Jones paid for one litre 





Using the Ideas 


1. Find the total amounts. 


A $8.53 B $0.96 c $10.90 p $34.59 of gasoline on each day, encourage 
4.27 4.34 5.38 86.79 them to use their estimating and 
$1Z.80 $0.30 $16.28 $121.38 rounding skills. For example, 7.8 
2. Find the difference in the amounts. litres is almost 8, so they may 
a $9.67 B $6.75 c $10.00 p $50.00 think 8 x ? = $2.57 and divide or 
4.83 0.86 3.67 46.72 use trial and error to arrive at an 
$4.84 $5.89 $6.33 $3.28 estimate. Any estimate between 
3. A gasoline pump shows 6. Oil is lighter than water 34 and 32 is near enough to the best 
these amounts after 9.3 but heavier than gasoline. estimate, which would be 33. 
litres of gasoline have A litre of oil weighs 
been put into a gas tank. about 0.81 kg. Resources for Active Learning 
Pinlkla CEB Be touimmlcn miorais ine Math Activity Cards, D21, Mac- 
Dollars Litres weight of a litre of water Ellen 


than a litre of oil 20.19 ks 
B How much more is the 
weight of a litre of oil 
than a litre of gasoline 20.19\y 
c By how much does a 


a After 0.9 ofa litre more 
goes into the tank, how 
many litres will the 
pump show ? (0.2 

B If gasoline costs $0.14 per : 
hice howe tachiwilhiz litre of water, a litre of 


cost to fill the tank with oll, and a litre of gasoline 
10 litres 241.40 increase the weight of 


a Car ? 2.43 kg 


Workbook, page 91 


4. The picture shows the 
odometer reading before 
and after a trip. How many 
kilometres were travelled ?°5.7 


_(s{ol4 (set 


5. A litre of pure water weighs 
1 kilogram. A litre of 
gasoline weighs about 
0.62 kilograms. Which weighs 


more ? How much more 20.38 kq 
Water 


*7. Mrs. Gomez spent $2.75 on 
fresh fruits and vegetables, 
$7.58 on meat, and $9.24 on 
other items. How much 
discount did she get ? 195 








More practice, page A-28, Set 52 261 











Using the Exercises 

Have the children do the exercises 
on page 261 independently. Since 
problems 3-7 may seem difficult 
to some, encourage children to 
share their ideas about how to 
solve them. You may want to work 
through problem 7 with the chil- 
dren. Help them see that first they 
must find the total amount spent 
by Mrs. Gautier. Then, they must 
think how many 10-cent purchases 
are contained in $19.57. Since they 
are dealing with money, they should 
not round their answer. 


19> Rie Assignments (page 261) 
10) 1957 Minimum: 1-3. Average: 1-6. 


Maximum: 1-7. 
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PAGES 262-263 


Objective 

Given measurements in the met- 
ric system (metres, decimetres, 
centimetres, and millimetres), the 
child will be able to relate his un- 
derstanding of decimals to equiva- 
lents between these units. 


Preparation 

Materials 

metre sticks (1 for every 2 or 3 chil- 
dren, if possible); centimetre rul- 
ers (1 per child) 

To prepare for this lesson, you 
might briefly review the place val- 
ue for tenths, hundredths, and 
thousandths. Present examples 
such as these: 





Leth 10+ 1+a+at+ oun 
3409) oi oo + ia + 150 





Point out how each place to the 
right of the decimal gets smaller: 
70,100, 1000- The relation of these 
ideas to the metric system will be 
explored in the investigation. 


Investigation 

This investigation can best be han- 
dled by children in small groups. 
It is important that children help 
each other make the measurements. 
Most of the measurements may be 
made with centimetre rulers, but 
metre sticks should be used for the 
measurement of the children’s 
heights. Remind children that they 
should use the diagram to help 
them figure out how to record their 
measurements. Move around the 
room helping them interpret the 
diagram. 

The decimetre unit might be new 
to some children; others may need 
guidance in reading and recording 
millimetres. 
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© How are decimals and metric units related? 2 


Investigating the Ideas 






Study this diagram. 


1 metre (m) 












— 


; 
1 centimetre (cm) 1 millimetre (mm) | 
| 






How many of these measurements can you find ? 

A Your height in metres. 

B The length of your shoe in decimetres. 

c The length and width of your mathematics book 
in centimetres. 

p The thickness of your pencil in millimetres. 


See 
Investigation. 


| 













Discussing the Ideas 





1. Janet found that her height was 147 centimetres. How could 
Janet write a decimal that would give her height in metres ? \.47 


2. Use the diagram above to help you give the missing numbers. 
A 1 metre is |llcm. joo bd 1 centimetre is Ill mm. jo 
B 1 decimetre is Illl cm.jo E 1 decimetre is lll mm. joo 
c 1 metre is |llldm.jo F 1 metre is Ill mm. tooo 


3. A metre is one ten millionth SX North Pole 
of the distance from the : 
North Pole to the equator. 

a About how many metres is it 
from the North Pole to the 
South Pole ?20 000 000 

B About how many metres is it all the way around 
the world ? 40 O00 ooo 





0 000 000 
metres 
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Discussion 


books, you might observe that the 
figure used in the problem is ap- 
proximate rather than exact. 


A transparent plastic centimetre 
ruler for use with the overhead pro- 
jector would be helpful during this 
discussion. Stress that, like our dec- 
imal number system, the metric sys- 
tem is based on ten. Explain the 
symbols used in exercise 2: cm = 
centimetre; dm =-décimetre; m = 
metre; mm = millimetre. It would 
also be helpful to-discuss the follow- 
ing relationships: 


10dm=1m 
10 cm= 1 dm 


10 mm = 1 cm 
100 cm= 1m 


If possible, use a globe while dis- 
cussing exercise 3. If children wish 
to check their findings in reference 


* 5. 


. Give the missing fractions. 


. Give the correct decimal 


a 1dmis |llll of a metre. is 
B 1cmis |llll of a metre. ts 
c 1mmis lll of a metre. jos | 


for each exercise. 


Resources for Active Learning 

Experiences in Mathematical 
Ideas, Vol. 1, ‘The Concept and 
the Numeral,” Unit 6, Experi- 
ence 1, NCTM. 

Measure and Find Out, Book 2, 
“The Metric System,” Activities 
1/1-1/9, Scott Foresman. (Avail- 
able from Gage Educational 
Publishing) 


Using the Ideas 


. Study the example. Then copy the sentences on your paper 


A ioM= lll metre 


Answer: 0.1 
B 1dm = |lil metre 0.\ 
c y5m= ill metre 0.01 
p 1cm = lll metre 0.0} 
E qdo0M= ill metre 0.001 
F 1mm = |iiiil metre 0.001 
« #m= ill metre 0.25 
nH 25cm = || metre 0.25 





Give the missing numbers. 

a 0.001 metre =\liil millimetre! pv 0.007 metre ='lili millimetre 7 
B 0.01 metre =lllicentimetre! © O.06 metre ='lilicentimetre 6 
c 0.1 metre =l\llidecimetre | F 0.8 metre =\lldecimetre 8 


and give the missing numbers. 

Example: 6.254 m = 6m, 2dm, 5cm, and 4mm 
7.834 m = [ll m, |llll din, |llll cm, and [lll mm 7, 8,3, 4 
8.203 m = lili m, lll dm, |llli cm, and {lll mm 8,2,0,3 
9.640 m = [lll m, lllll dm, |llll cm, and {Ill mm 9, 6,4,0 
7.023 m = Illi m, lll din, |llll cm, and |llll mm 7,0,2,3 


00 @B > 


Find the totals so the number of millimetres, centimetres, 

and decimetres is less than 10. 

a 2m5dmicm&8&mm 
4m7dm2cm6mm 
7Tm2dm4em 4mm 


B 6m/dm¥9¥cm4mm 
4m4dm8cm7mm 


im 2Zdm 8cm | mm 
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Using the Exercises 
Although for capable children you _ further discussion. 
might assign the exercises on page 
263 as independent work, you may 
wish to work through parts of exer- 
cises 1, 2, and 3 with the children. 
For example, in order to help chil- 
dren understand exercise 1, remind 
them that 10dm=1m(so 1 dm 
=75m); 100 cm=1 m (so | cm 
= 7 m); and since 10 mm = | cm, 
1000 mm = 1 m (so _ 1 mm= 00 
m). 
For those who try exercise 5, 
point out the similarity of these 
problems to a problem in the deci- Assignments (page 263) 





mal form 2.518 + 4.726. Check the Minimum: 1-3. Average: 1-4. 


exercises carefully with the chil- Maximum: I-5. 





dren and allow ample time for 
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PAGES 264-265 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

To prepare for this lesson, review 
with the children any topics with 
which they have had particular dif- 
ficulty in the chapter. It might be 
most helpful to review the reading 
of decimals and to work through a 
few problems which can be used to 
bring out many basic concepts, such 
as the following: 


7.325 + 32.4 + 8.102 = ? 
2.01 — 0.895 =? 
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A 0.7% 


a 17.6178 


a 7.8 ii) 7.7 7 
B 6.4 |) 6.40 = 
c 0.32 |) 3.2< 


A Oe B 9.2 
ee a 








%* 7. Give a decimal for each fraction. 
As 5 BE.2 C8 .8 DG 25 
%* 8. Give the lowest-terms 


fraction for 0.750. 2 


i 264 


s 8.07=84+ 4% i’ 


67 
G 53d + 23.7 s 58.60 87.64 
H 0.586 + 4.9 + 23.6429.126 | 
1 8.64 + 39.5 + 0.80748.947 


1. Copy each exercise and give the missing numerators. 


¢ 9.263 = 9 + 15% rd" 10 wii? 
vo 8.407 =8+ 44 W 


2. Give the correct decimal for pac) sum. : 
A Qt} oo'2 ene i + i 16 oe 160 + yoo 46Te 18+ 8+ 300 + 1000 18.660 
B 75+ i+ 7e0!5/9 i + 140 + 1000 876 


F 18+ $+ x 10-607 


3. Give the fraction suggested by each decimal. 
B 0.07% c 0.0070 ov 0.06 es © 0.7655 F 0.076 


4. Give a mixed numeral for each decimal. Use 10, 100, or 1000 


for your denominators. 
B 38.23 362% 


124 6 


c 29.07 2955 pv 6.124 Gi000 © 18.062 i8%e 


5. Give the correct sign (<, =, >) for each ||}. 


> 0.67 |) 0.68< s 0.832 lll 8.30 < 
e 8.32 \llllh 8.30 > H 832 i840 < 
F 83.2’ 8.40 > 1 0.005 ij 0.05< 


6. Find the sums and differences. 


0.83 
+0.969 
1-799 


Viak F 
= 263/ 
45.7 


eme7 5: 
Hey, 
18.3 


p 35.6 E 





———— 








Discussion 

Page 264 may be used as an eval- 
uation instrument or as a review 
page. Whether you discuss the ex- 
ercises before the children have 
done them or afterward, continue 
to stress the idea that decimals rep- 
resent fractional numbers, which 
may be written as fractions or as 
decimals. Use examples of expand- 
ed notation to exhibit this relation- 
ship. 

Encourage children to use a trial 
and error method for solving the 
Think problem. Discuss it only 
after those interested have had 
an opportunity to work on it. Often 
it is best to wait a day or two be- 


fore discussing these problems so 
that children can think about them 
over an extended period of time. 





Land, Sea, and Air 


The chart below shows how North 
America’s land area and coastline 
is divided among 10 countries. 


1. Canada and the United States 
make up what part of North 
America’s land area? 0.a7 








2. If Mexico’s land area is added 
to that of the U.S. and Canada, what part remains ? 0.04 


3. What part of North America’s coastline do the 9 countries other than 
Canada share? 0.27 


4. What part of North America’s coastline do El Salvador, Guatemala, 
and the Honduras have ? None 


5. Air surrounds us in a thin layer 
above the land and sea. Air is made up 
mostly of nitrogen and oxygen. The circle 
graph shows what part is nitrogen and 
what part is oxygen. 
A Nitrogen and oxygen together make 
up what part of the air? 0.99 
B What part of the air is made up 
by other gases? 9.00{ 


0.78 nitrogen 





0.21 oxygen 


g 0.009 argon 
Other gases 


REGION AREA COASTLINE REGION AREA COASTLINE 
British Honduras — _ Honduras 0.01 _ 
Canada 0.45 O78 Mexico 0.09 0.08 
Costa Rica — 0.01 Nicaragua 0.01 0.01 
El Salvador _ _— Panama — 0.02 
Guatemala 0.01 _ United States 0.42 OxiA 


*No entry means that this part of the whole is less than 0.01. 
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Using the Exercises 
Before assigning page 265, it might 
be helpful to introduce a map of 
North America and discuss it with 
the children. Point out the location 
of the different countries, especially 
those in Central oe 

Also point out that 70 of the air 
is nitrogen and about 759 is oxygen. 
Give children an opportunity to 
discuss this material. Then, have 
them do the exercises. When they 
have finished, allow time for fur- 
ther discussion and for checking 
papers. 








Workbook, page 92 
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PAGES 266-267 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review any topic in the exercises 
which the children have found 
troublesome. For example, review 
changing fractions to fractions with 
common denominators and work 
through a few examples of compar- 
ing or adding fractions with unlike 
denominators. 
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i 
4 
| 





1. Find the product, difference, and quotients. 
5224R6 


53 

a 5905 B 3/6 c 7)36 574 p 65)3445 
—1767 Seah 
4138 10152 





5 SO 15 «20 
SCRE ac Taye IP Re a Mi Ra 
Te Va2d 28. 
8 ie ee en 1a ity Sag eh 
3. Mark true (T) or false (F) for each exercise. 
A REOE TEU ap Ea ot 0g URE ea ee 
pi=2F E 33<4T H 33=/7 Ki<2ZF N 
cf=13T F§=BF 1 g-$F LGoBr oC 
4. Find the sums and differences. 
ai+?2 Bl or 130 c #-§ < E 44 22orlZ G 
p 22+ 35% pao; — 21.35 rFi-it H 


5. Find the totals. Write the answer so that you have the greatest 
possible number of the larger unit. 


a 6days12h B 24wk Qdays c 
5 days 18h 8 wk 12 days 
I2days Ch 35 weeks 32n 2%min 


6. Give a symbol for each figure 
A A B 





—E 87)4567 


2. Choose the point on the number line for the fractional number. 








7h 51 min 
24h 36 min 


ee een eee Nar een EEL aoe 





Discussion 


for any children who had difficulty 


Before assigning page 266, you 
may want to work through one of 
the problems in exercise 5, to help 
the children recall how measure- 
ments given in smaller units can 
sometimes be converted to mea- 
surements in larger units. You 
might also find it necessary to re- 
view the geometric symbols used 
in exercise 6 or refer children to 
Chapter 4, pages 69 and 75, to re- 
view how they used the symbols 
previously. 

When children finish the exer- 
cises, carefully check their work, 
discussing with them any areas of 
difficulty. Provide additional help 


with exercises 1 through 4; the 
skills treated here are essential to 
future work. 








Each of the three airplanes would travel at the rate of 500 kilometres per 
hour if there were no wind. The airplane that has a 40-kilometre-per-hour 
head wind travels only 460 kilometres in one hour. The airplane that has 
a 40-kilometre-per-hour tail wind travels 540 kilometres in one hour. 


1. Give the distance that each plane 


travels in one hour. 
A 570km 0 655 km 
B G42 Km € 253 km 
C 320 Km 
2. If. an airplane travels 620 kilometres 
in one hour and would travel 580 


kilometres per hour if there were 





no wind, is there a head wind or 


a tail wind ? How fast is the wind ? 
Tail wind, 40 Kin/h 


3. Give the missing numbers 


in this chart. . ee 
A 3432 Km C oid Krn/n 


B 573 kmA 


D I7h 
* 4. An airplane flies 600 km/h with Al ee 12 il 
no wind. If it flies 4 hour with no a ul 14 


wind, then flies 2 hours with a 











50-km/h head wind, and finally : || 5 





6 
flies 14 hours with a 20 km/h 
tail wind, how far does it fly ? *D I 


2330 Km 267 














Using the Exercises 

Help the children analyze the top 
of page 267. Discuss the effects of 
a head wind and a tail wind. For 
example, compare the distances 
each plane would cover if they all 
flew for two hours. After flying two 
hours with no wind the airplane 
would have travelled 1000 kilomet- 
res. With the head wind, it would go 
only 920 kilometres in two hours. 
With the tail wind, it would travel 
1080 kilometres in two hours. When 
the children finish the exercises, 
check the work and discuss any 
problems of particular interest. 


Follow-up 

Page 267 might motivate children 
to do some research regarding air- 
plane speeds. They might write to 
local airports inquiring about speed 
of various airplanes and the fre- 
quency and speed of winds which 
would affect the airplanes’ speed. 
This information might be charted 
for display or used to make assign- 
ment cards similar to the exercises 
on page 267. Such a research activ- 
ity might be valuable for the chil- 
dren even if no specific mathmatics 
problems are treated. 
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CHAPTER 13 


Geometry and Measurement II 


Pages 268-287 


General Objectives 


To provide experience in space 
geometry 

To provide experience in construct- 
ing models and drawing pictures 
of space figures 

To review the concept of volume 

To introduce the concept of surface 
area 

To introduce perspective in viewing 
space figures 


The opening lessons of this chap- 
ter introduce some basic space fig- 
ures and explore various space 
relationships. The next two lessons 
give children an opportunity to con- 
struct models of space figures and 
to draw pictures of them. After the 
concept of volume is reviewed, sur- 
face area concepts of rectangular 
solids are developed. Following the 
exploration of surface area, the re- 
lation between volume and surface 
area is studied. Next, three-dimen- 
sional objects are viewed in differ- 
ent perspectives, and finally the 
faces, edges, and vertices of some 
interesting space figures are com- 
pared. The chapter concludes with 
both a chapter and a cumulative re- 
view which should help you assess 
the children’s understanding of the 
geometry and measurement topics 
covered thus far. 


Mathematics 


Most children will enjoy making 
models of space figures like those 
discussed in this chapter, and some 
may be motivated to explorations 
beyond the limits of the text. 

A polyhedron is a special kind of 
space figure whose faces are plane 
geometric regions. If all of the faces 
of a polyhedron are regular poly- 
gons and all of its dihedral angles 
are congruent, the figure is a regu- 
lar polyhedron. There are exactly 
five regular polyhedra. (See the 
figures above, right.) 
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These five polyhedra are known 
as the Platonic solids. Their name 
derives from the Greek philosopher 
Plato, who is reported to have dis- 
covered them about 400 B.C. (It is 
known, however, that the Egyp- 
tians, long before Plato, were famil- 
iar with all of the polyhedra, with 
the possible exception of the do- 
decahedron.) 





Tetrahedron Cube 





Octahedron 





Icosahedron 


Dodecahedron 


The Five Regular Polyhedra 


Another interesting set of poly- 
hedra are the Archimedean solids. 
These polyhedra are sometimes 
called semi-regular polyhedra be- 
cause they have a variety of regular 
polygons as faces and each vertex 
is the same, that is, all of the dihe- 
dral angles are congruent. There are 
exactly 13 Archimedean polyhedra. 

Some of the most beautiful and 
striking pholyhedra are the non- 
convex star polyhedra, also called 
the stellated polyhedra. Patterns 
for these polyhedra may be found 
in many reference books and can 
be constructed by anyone who has 
some skill and patience. 


Teaching the Chapter 


Materials 


Bricks or similar rectangular prisms 

Centimetre rulers 

Construction paper 

Cubes (at least 12 per child) 

Frozen-juice cans 

Geometric solids (Commercially 
made sets would be best. Most 
sets contain at least the follow- 
ing: cubes, triangular and rec- 
tangular prisms, cone, sphere, 
triangular and rectangular pyra- 
mids, cylinder, truncated cone, 
hemisphere. See also, Duplicator 
Masters, pages 68-72.) 

Glue 

Graph paper, | cm grid 

Scissors 

Small boxes (1 per child) 

Tape 

Tracing paper 


Vocabulary 


cone 

cube 

cubic unit 

cylinder 
dimensions 

edges 

faces 

height 

hemisphere 
hexagonal prism 
length 

octagonal prism 
octagonal pyramid 
pentagonal prism 
pentagonal pyramid 
plane figure 
rectangular prism 
rectangular pyramid 
regular dodecahedron 
regular icosahedron 
regular octahedron 
space figure 

sphere 

square prism 
square pyramid 
surface area 

torus 


one ‘a amet 
i ee ee a a 


triangular prism 
triangular pyramid 
truncated cone 
vertices 
volume 
width 

The vocabulary list for this chap- 
ter is quite long. Many of the words 
listed may already be familiar to 
the children since they have oc- 
curred in measurement lessons in 
earlier parts of the text or in ge- 
ometry and measurement lessons 
in previous books. The children 
should not be required to memorize 
the names of space figures since 
it will be some time before these 
words are used again. The names 
are given here simply to provide a 
convenient means of talking about 
specific space figures, and should 
be used primarily for that purpose. 
(If the names reappear in subse- 
quent review material, you can 
have the children look them up, if 
necessary.) The other words in the 
vocabulary list are vital to the study 
of geometry, and an attempt should 
be made to see that the children not 
only remember them but also un- 
derstand their meaning. 


Lesson Schedule 


Plan to spend from two to two and 
a half weeks on this chapter. Of 
course, you will want to adjust your 
schedule according to the needs, 
abilities, and interests of your chil- 
dren. Some of your children may 
find this one of the most stimulating 
chapters in the text, so you may 


want to allot some extra time to 
capitalize on this interest. 


Evaluation of Progress 


In evaluating the children’s achieve- 
ment for this chapter, try to avoid 
overemphasizing the mechanical 
skills involved in construction. 
Rather, stress understanding of a 
few general ideas. 

Though it may be quite difficult 
to evaluate the children’s under- 
standing of the space concepts, 
take special care to evaluate the 
children on a day-to-day basis. 

We stress again the fact that one 
of the chief objectives of this chap- 
ter is to give the children a general 
feeling for the study of geometry 
rather than to teach specific facts, 
notation, or names. 

Pages 286 and 287 will help you 
assess children’s understanding of 
space figures and associated mea- 
surement concepts, and will pro- 
vide general information about 
their retention of previously intro- 
duced concepts and skills. 


Resources for Active Learning 
GENERAL ACTIVITIES 


Experiments in Mathematics, Stage 
1, pp. 26-29; Stage 2, pp. 44-45, 
Houghton Mifflin [Patterns for 
cube, pyramid, other polyhedra] 
(Available from Thomas Nelson 
and Sons) 

Freedom to Learn, ““Geometry — 
Properties of Shapes,” pp. 149- 
152, Addison-Wesley 


Math Activity Cards, D13; D36, 
Macmillan 

Maths Mini-lab, Cards 107-109, 
Selective Educational Equipment 
[Using Geo Blocks] 

Nuffield Project: Shape and Size 3, 
‘“*Polyhedra,” pp. 55-59, Wiley 


MANIPULATIVE DEVICES 


Cuisenaire Cubes, Squares, and 
Rods (Cuisenaire Co.) 

Geo Blocks (McGraw-Hill Ryerson; 
Selective Educational Equipment) 

Geo-D-Stix (Childcraft; Creative 
Playthings; Cuisenaire Co.) 


Geometric Figures and _ Solids 
(school supplier) 
Geometric Models Construction 


Kit (Milton Bradley) 

Lake and Island Board (Math Me- 
dia; Responsive Environments 
Corp.) 

LaPine Sage Kit (LaPine Scientific) 

Moby Lynx (Kendry) 

Space Spider (Childcraft; LaPine 
Scientific; Nasco) 
Straw Polyhedra_ Kit 

Publications) 

“Thing-Sticks” (Edmund Scientific) 

True Equal-Volume Geometric Set 
(Edmund Scientific) 


COMMERCIAL GAMES 


(Creative 


Geometry Matching (Selective Ed- 
ucational Equipment) 

Polyhedron Rummy (Scott Fores- 
man) 

Soma Cube and block puzzles (Cre- 
ative Publications; Cuisenaire 
Co.; Edmund Scientific) 

Two-Piece Pyramid Puzzle (World 
Wide Games) 
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PAGES 268-269 
Objective 

Given names of basic space fig- 
ures, such as rectangular prism, 
cylinder, sphere, pyramid, and 
cone, the child will be able to rec- 
ognize objects which suggest these 


figures. 


Preparation 

Materials 

geometric solids (at least one set, 
containing prisms, cone, sphere, 
pyramids, cylinder, cube, and 
truncated cone) 


There are a variety of ways you 
might prepare for this lesson. For 
example, although the preparation 
time is usually short, you might 
stimulate interest in the whole 
chapter by taking the children on 
a short walk and having them ob- 
serve and list several large objects. 
These would then be used during 
the discussion. Or, you might pass 
around geometric solids and have 
the children feel and study them. 


Investigation 

Read through the chart with the 
children. Then encourage them to 
think of each of the three figures 
and to list objects which match 
them. It would be appropriate to 
have the children work in small 
groups so that they might stimulate 
each others’ imaginations and think 
of a variety of objects. Observe the 
children closely, taking care to give 
them sufficient time to name many 
objects and also to introduce the 
discussion before interest wanes. 
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Geometry and Measurement || 


® What are some basic space figures? 


Investigating the Ideas 


ce cube 
building 


can checker 
barrel 
glass 
chalk 


tank 


ball 

balloon 
orange 
mor ble 


Earth 








rectangular 
prism 


cylinder 


Sm © vertices 


0 edges sphere 


How many other physical objects that remind you 


See sample 


of these space figures can you name ? on ere obove. 


Discussing the Ideas 


1. What simple name is often used for a 
A rectangular prism ?Box s_ sphere ? Ball 


2. What are some physical 
objects that remind you 


of these space figures ? 
See Discussion. 


rectangular 
pyramid 


. Can you describe some space figures that are different 
from any of the ones shown on this page ? 


Answers will vary. Sample possibilities : Donut shape (torus), 
tent shape (triangular prism) 


Discussion 
Have several children share their 
list of objects for each figure. Use 
the geometric solids to show each 
figure as it is being discussed. Simi- 
larly, use the demonstration solids 
as you discuss the exercises. Chil- 
dren might find it humorous that a 
simple box has such an imposing 
name as “rectangular prism,” and 
that a “sphere” is commonly known 
as a ball. Also, note that a cube is 
a particular kind of rectangular 
prism. In exercise 2, as examples 
of pyramids, children might sug- 
gest a church steeple, a hunk of 
cheese cut in pyramid shape, a pile 
of oranges arranged in a pyramid 





shape, the Egyptian pyramids, and 
so on. As examples of cones, they 
might suggest ice cream cones, fun- 
nels, mountain peaks, or a top. 
Throughout the discussion, try to 
cite examples which are visible in 
the classroom, such as a circular 
wastebasket which suggests a trun- 
cated cone. The children may come 
up with some rather far-fetched 
suggestions, and you should allow 
them considerable latitude. 

During the entire discussion, 
stress the fact that the figures in 
question are space figures. They 
do not lie in one plane, as does a 
Square or circle; they are three- 
dimensional. 


WD 5vertices = 
FEAB edges , 
ANS faces £7 





1. Which space figure below is suggested by each of these 
physical objects ? 


torus 


QS a S&S ‘ Ge) 





S > 6vertices 








truncated cone 


See Using the Exercises. 
2. Acube has 8 vertices. 
a Which other figures have 8 vertices re 


Bp Give the number of vertices for each figure In this lesso 
See answers beside figures above. 


3. Atriangular prism has 9 edges. 


Give the number of edges for each figure. 
See answers beside figures above. 


triangular prism 





square prism hemisphere 


BM 








9 edges 
5 faces 








O vertices 
O edges 
2 faces 





hemisphere 


. Acylinder has 2 flat faces. Give the number 


of flat faces each figure has. 
See answers beside figures above. 


hexagonal pyramid 


s oO vertices 
am I vertices o edges, iy 


O vertices 
O edges 
\ face 


quore Beem ipe conquer prism 









Using the Ideas 


truncated cone 





vertices 
‘1\2. edges 
6 faces 





square prism 
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Using the Exercises 

On page 269, after reading through 
the new terms in exercise |, have 
the children do the exercises. Note 
that the triangular prism and the 
square prism are named according 
to the shape of their bases, not the 
shape of their sides (which are rec- 
tangular). 

In exercises 2, 3, and 4, the chil- 
dren may have some difficulty in 
deciding the number of faces, edges, 
and vertices for some of the fig- 
ures. Thus, the torus has neither 
vertices nor edges and has no flat 
faces. The truncated cone has two 
flat faces that are circular regions, 
but it has no vertices or edges since 


edges are usually thought to be 
segments. The hemisphere can be 
thought of as having one flat circu- 
lar face but no edges or vertices. 
Allow sufficient time for discussion 
of these ideas after the children 
have completed the exercises. 


Assignments (page 269) 
Minimum: 1-4, oral. Average: | 
oral; 2-4. Maximum: 1-4. 


Mathematics 

A prism is a three-dimensional fig- 
ure whose bases are congruent 
polygons in parallel planes and 
whose faces are parallelograms. 


Triangular prism Pentagonal prism 


A cylinder is the figure formed 
by two congruent curves in parallel 
planes and the parallel line seg- 
ments connecting corresponding 


points of the curves. 


Oblique 
Right circular cylinder cylinder 

A sphere is the set of all points in 
space at a fixed distance from some 
given point. 

A pyramid is a three-dimensional 
figure with a polygonal base and tri- 
angular lateral faces. A tetrahedron 
is a triangular pyramid. 
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Triangular pyramid Square pyramid 
(tetrahedron) 






A cone is the space figure formed 
by aclosed plane curve and all line 
segments drawn from a point not in 
the plane of the curve to points of 
the curve. 


Follow-up 

Exercises 2, 3, and 4 on page 269 
might be extended into a follow-up 
activity. For example, have chil- 
dren chart the name of the object 
and the number of edges, vertices, 
and faces. They might also write 
their own description of each ob- 
ject and see whether their class- 
mates can recognize them. The set 
of geometric solids should be avail- 
able for handling and study during 
such an activity. 
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PAGES 270-271 
Objective 

Given pictures of geometric 
space figures and of physical ob- 
jects, the child will be able to match 
the space figure with the corre- 
sponding physical object. 


Preparation 

To prepare for this lesson, it would 
be helpful to review the ideas of 
plane and line. Ask the children to 
look around the room for objects 
which make them think of a line, or 
a plane. Stress how things such as 
the chalk tray or a window frame 
only suggest a line—the idea of a 
line is an idea of something which 
goes on and on in one dimension. 
Similarly, a wall or the floor suggest 
the idea of a plane which extends 
indefinitely in two dimensions. 


270 




















Let’s explore space relationships. 
For each space figure on the left, give the letter of the 
physical object which best reminds you of the figure. 
Tic A 
A line intersecting a plane 
2.A B 
3 segments from a point 
to a plane 
3.E c 
A plane through a line 
on another plane 
D 
3 planes through 
a single point 
5.p E 
Several planes 
through one line 
270 
Discussion objects which the space figures 


Before assigning the exercises on 
page 270, make sure that the chil- 
dren can interpret the space figure 
pictures in the left column. Explain 
that each of these pictures repre- 
sents a three-dimensional, or space, 
figure. The children are to match 
one of the pictured physical ob- 
jects to one of the space figures. 
Remind them that figures such as 
squares, circles, and triangles are 
plane figures but that the figures in 
this lesson are space figures. 
When the children have finished 
the exercises on both pages and as 
you are checking the exercises, ask 
children to mention other physical 


might represent. During this dis- 
cussion, you will want to emphasize 
continually the fact that the geo- 
metric objects are ideal things that 
we think about and that the physical 
objects simply remind us of these 
ideal geometric concepts. 





Tell which picture best 
reminds you of the space 
figure that is described. 


1. Two lines in space that 
do not meet and that are 
not in one plane 0 


2. Four planes F 


3. Many lines in space, all 
going in the same direction A 


4. Two lines in one plane 
that do not cross B 


5. Acircle touching a plane 
at one point ¢ 


6. Aplane, a circle, a sphere, 
and a truncated cone G 


7. Asphere ona plane ¢ 
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Assignments (page 271) 


Minimum: 1-7, oral. Average: 1-7. 


Maximum: 1-7. 


Follow-up 

Deciding what boundaries the space 
surfaces have is highly abstract. Yet 
providing some sample space fig- 
ures for the children to handle may 
give them some intuitive back- 
ground for developing insight into 
the characteristics of space figures. 
Those made of clear plastic are 
especially good. An elastic-string 
model of a cylinder that can be 
twisted into a pair of cones also 
gives children valuable insights into 
these two figures of space geometry. 
A beam or plane of light projected 
through the cylinder will show some 
of the interesting waves and cross- 
sections. 








Resources for Active Learning 

Experiments in Mathematics, 
Stage 1, ‘“‘Regular Polyhedra,” 
pp. 24-25, Houghton Mifflin 
(Available from Thomas Nelson 
& Sons) 

Franklin Series: Patterns and Puz- 
zles, “Cutting and Folding Geo- 
metric Forms,” pp. 49-55, Lyons 
and Carnahan. (Available from 
McGraw-Hill Ryerson) 

Franklin Series; Pencil and Paper 
Geometry, pp. 85-98, Lyons and 
Carnahan. [Making space fig- 
ures] (Available from McGraw- 
Hill Ryerson) 

Maths Mini-lab, Card 106, Selec- 
tive Educational Equipment. 
[ Making space figures ] 


Workbook, page 93 


vA9 fa 


PAGES 272-273 
Objectives 
Given appropriate materials, the 
child will be able to construct a 
pyramid, octahedron, pentagonal 
prism, and regular dodecahedron. 
The child will be able to con- 
struct regular space figures from 
given models of faces for the 


figures. 


Preparation 
Materials 
tracing paper; construction paper 

(Duplicator Masters, pages 68- 

hh) 

Use models to review with the 
children the various shapes and 
names of the more common space 
figures. Be sure to include a pyra- 
mid and a cube in this review. If 
available, also display a regular 
octahedron, a pentagonal prism, 
and a regular dodecahedron, since 
these are the shapes children will 
be constructing as a part of this 
lesson. 


Investigation 

Distribute tracing paper to the chil- 
dren and explain that they should 
trace both the heavy lines and the 
dotted lines but cut only along the 
heavy lines. The dotted lines indi- 
cate folding. The tracing paper may 
be used to fold and construct the 
figure but if it is very thin you might 
suggest that they use this as a tem- 
plate to draw the outline of the 
pattern on a piece of construction 
paper. Then they can cut and fold 
the construction paper to make the 
figure. If you choose, you might 
even duplicate the pattern for the 
triangular pyramid on stiff paper 
and simply direct the children to 
cut and fold (Duplicator Masters, 
page 69). 


JaS je 


® Can you make space figure models? 


Investigating the Ideas 


Can you trace the pattern above, cut it along 
the solid lines, and fold on the dotted lines 
to form a space figure ? See Investigation. 





Discussing the Ideas 


1. a What is the name of the space figure you made 
in the Investigation ? Triangular pyramid 
B How many vertices does your figure have ? 4 
c How many — How many edges ? 6 


2. Which of the patterns below do you think would form 
a cube if cut out and folded ? B and - 


Tire of 


3. How many faces, edges, and vertices 


does this triangular prism have ? 
5 faces, 9 edges, 6 vertices 
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Discussion 

As you discuss exercise |, point 
out that since each face of the fig- 
ure is a triangle, we call the pyra- 
mid a triangular pyramid. For 
exercise 2, you might suggest that 
the children try out the patterns of 
the cube to check their answer. 
Point out the rectangular and tri- 
angular faces of the prism discussed 
in exercise 3. Throughout your dis- 
cussion of these exercises, stress 
how the various shapes of the faces 
change the shape of the space 
figure. 








: 
: 


Using the Ideas 


Trace the figures 


nd make the space figures shown. 


Can you connect 8 triangles 
like those in the Investigation 
to make this regular octahedron ? 


2 of these 5 of these 
pentagons a rectangles 


Can you connect 12 pentagons 
like those in exercise 2 to make 
this regular dodecahedron ? 
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Using the Exercises 

The exercises on page 273 give the 

children an opportunity to con- 

struct other space figures. As sug- 

gested in the investigation, you 

might duplicate the shapes needed 

for the faces of these figures on 

stiff paper. You would need the 

same triangle used in the investiga- 

tion, and the pentagon and rectan- 

gle illustrated on page 273. If you 

have the children use tracing paper 

instead of the duplicated figures, 

they will need heavier paper for 

constructing the space figures. They 

should cut out the shapes they have Assignments (page 273) 
traced and then outline them onthe Minimum: 1. Average: 1-2. 
construction paper. Maximum: 1-3. 
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PAGES 274-275 
Objective 

Given specific directions, the 
child will be able to draw a cube, 
a rectangular pyramid, and other 
space figures. 


Preparation 

Materials 

cubes and pyramids (rectangular 
or triangular) 


Use the demonstration solids to 
display the various space figures 
children will be drawing. Review 
the names of each figure, particu- 
larly those which are treated in this 
lesson: cube, rectangular prism, 


rectangular pyramid, triangular 
prism, triangular pyramid, and 
cylinder. 

Investigation 


If possible, place a cube and a 
rectangular pyramid in a position 
prominently visible to the children. 
This investigation is more an activ- 
ity than a true exploration. Chil- 
dren should follow directions care- 
fully. They may draw a couple of 
pictures for each figure, varying the 
size. Move around the room giving 
guidance when necessary, but do 
not do any of the actual drawing 
for any child. Point out how faces 
that are really squares or rectangles 
appear as rhombuses or parallel- 
Ograms in the drawings of the 
figures. 
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Draw‘d square for 
the “front” face. 


Rectangular Pyramid 


Draw a parallelogram, 
half solid, half dotted. 


Discussing the Ideas 


1. Suppose you hold a cube in your hand. 
a What is the greatest number 
of edges that could be 
hidden from your view ? 8 
B What is the smallest number ? 3 


2. Could you hold a pyramid 
so that you can see all of 


its edges at once ? Explain. 
See Discussion. 


®@ Can you draw space figures? 


Investigating the Ideas 


Can you follow these directions and draw a 
larger picture of each of these space figures ? 





| sa 


Draw the corners 
of a square for 
the back face. ‘edges solid. 


woh 


Mark the “top” 
vertex. 


92.0 edges solid. 


10.0 





Discussion 

If possible, have each child hold a 
cube in his hand and examine it. In 
viewing the cube, no matter how 
it is twisted, at least 3 edges will 
be hidden. If it is held flat on the 
palm and just one face is viewed, 
eight edges are hidden; only the 
four edges around the face are 
visible. 

Suggest that children use both 
triangular and rectangular pyramids 
and that they view them from vary- 
ing positions. They should discover 
that, if they view a pyramid from 
directly above, they can see all of 
its edges at once. Again, point out 
that the triangular and rectangular 


faces often appear to have different 
shapes when viewed from differ- 
ent perspectives. The shape does 
not change, only our perception 
of the shape changes. 


See \nvestigation. 


Make “hidden” edges 
dotted. Make other 


Make “hidden” edges 
dotted. Make other 






Using the Ideas 


1. The front face of the rectangular 
prism shown here is named ADHE. 


B 
a Name all the other faces. ‘ 
B Name the edges. ° 
c Which faces are hidden ? 
p Which edges are hidden ? ; 


H 
A_ABFE, ABCD, BCGFDCGH,EFGH ; B AB, BC, CD, AD, AE, BF 


CG, DH, EF, FG, GH, GH ; C ABFE,BCGF, EFGH; D EF, BF, FG 
2. Follow the steps below and draw a triangular prism. 


NE 


Draw atriangle. Draw 3 parallel, Make hidden edges 
congruent segments. dotted. Make other 
edges solid. 


. Draw a triangular 
pyramid. Example 2 in the 
Investigation may help you. 


. Drawa S. prism. 


Problem 1 above may help 
YOU. See figure for problem |. 


. Draw a cylinder. Se 


. Pick out an object, Such 
as a doghouse or a piano, 
and draw a picture of it. 
Be sure to include dotted 
lines to show hidden edges. 
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Using the Exercises but if necessary show some how to 
The exercises on page 275 contin- fold the circle into fourths and then 
ue the suggestions for drawing var-__ into twelfths. 
ious space figures. You may wish 
to use exercise | as a basis for dis- 
cussion. However, it is intended 
that children concentrate on their 
drawings. Do not expect the chil- 
dren to draw perfect figures, but 
help them realize how the dotted 
lines and perspective are used to 
picture three-dimensional, space 
figures in a two-dimensional draw- 
ing. 

Children might have difficulty 
properly labelling the circle in the Assignments (page 275) 
Think problem. Encourage them to Minimum: 1-2. Average: 1-4. 
figure out how to do it themselves, Maximum: 1-6. Workbook, page 94 
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PAGES 276-277 
Objective 

Given the dimensions of a rec- 
tangular prism, the child will be 
able to find its volume. 


Preparation 

Materials 

12 cubes for each 1 or 2 children 
(Sugar cubes could be used.) 


It would be appropriate to begin 
immediately with this investigation. 
Two-centimetre cubes would be 
best, but if you do not have enough 
so that every | or 2 children have 
12, use a substitute. Note: Check 
the materials list for the next lesson; 
you may wish to have children bring 
in their own small boxes. 


Investigation 

Have children work independently 
or in pairs. Remind them that they 
should record their work, and let 
them discuss and decide among 
themselves the best way to do this. 
However, you might want to point 
out certain disadvantages of such 
recording methods as drawing pic- 
tures; for most children, this would 
take an excessive amount of time. 
Others may decide to record the 
prisms by listing the length, width, 
and height. Although this is per- 
haps the best method, it might eas- 
ily lead the children to consider 
more shapes than there actually 
are. For example, the prism with 
length 2, width 1, and height 6 has 
the same shape as a prism with 
length 6, width 2, and height 1. 
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All of these prisms have the same 
shape, though height, length, and 
width may be considered to be dif- 
ferent. The four different shapes 
will be some arrangement of the 
following sets of dimensions. 


i245 1 3,4, 1 
6x24'1 Din gS 
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® Let’s find the volume of a space figure. 


Investigating the Ideas 


Width 1 


Here are the only two 


different-shaped boxes 
(rectangular prisms) Lenath 4 
that can be made from 

4 cubes. Length 2 





Discussing the Ideas 


1. 


Height 1 









How many different-shaped Height 1 
rectangular prisms can you Weane 


make with 12 cubes ? See Investigation. 


The dimensions of a rectangular prism are its length, width, 
and height. What are the dimensions of each rectangular prism 
you found in the Investigation? See Investigation. 


What would be the dimensions of a cube'built from eight cubes ? 
2X2X2 
We count cubes (cubic units) to find the volume of space 


figures. Suppose you have made these figures with cubes. 
How would you find the volume of each figure ? see Discussion. 


54. cu units 
3 units 


24 cuunits 


A24cu Units B lO cu Units C D 









6 units 


(4%2% 2B) 


4 layers 
(2K2%4) 





fp 


C3X2xK4 3 units (3x3xe) 
What are the dimensions of each figure in exercise 3? see above. 
Can you figure out a shortcut for finding the volume of a 
rectangular prism if you know the dimensions of the prism ? 


See Discussion. 
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Discussion 

As you discuss exercise 1, have 
the children list dimensions of the 
prisms they made. Demonstrate 
how a different arrangement of the 
same set of dimensions does not 
change the shape of the prism, as 
the example in the investigation 
shows. Exercise 2 directs chil- 
dren’s attention to the distinguish- 
ing characteristics of a cube: it is 
a rectangular prism that has equal 
height, length, and width. 

During the discussion of exer- 
cise 1, some children may have 
noticed that the product of each 
set of dimensions is 12. Exercise 
3 progressively develops the idea 





of determining volume, from count- 
ing to finding the product of the 
dimensions. Finally, in exercise 4, 
the child is encouraged to formalize 
the general formula for finding vol- 
ume. It would be helpful to display 
a table to show the dimensions of 
each figure in exercise 3. 


l WwW h V 


A 
B 


If necessary, have children make 
other prisms with the cubes until 
they realize that V=1Xw xX h. 
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Follow-up 

You might use the Think problem 
as a follow-up activity. Encourage 
children to make guesses before 
building the suggested cube. Chalk 
may be used to mark the faces of 
the cubes if you want to use some- 
thing less permanent than paint. 
Any children who experience dif- 
ficulty with this lesson may benefit 
from finding the volume of prisms 
by counting how many cubes they 
can fit into empty rectangular con- 
tainers. Others may make estimates 


Using the Ideas 


1. Use the dimensions shown on each figure to find the volume. 
24 om? yt es 






30 cm 





4m 28cm 10cm 
se H 189 mw? of the volume of a box and then 
B40 cm? aa verify their guess by counting cubes 
10cm Or measuring the dimensions and 
ia applying the formula V =1 X w X h. 
14cm ~ 8cm 


Resources for Active Learning 

Applied Mathematics Cards, 
Group 2/5, Schofield and Sims. 
(Available from Mafex Associates, 
Willowdale) 

Mathematics in Modules, M13, 
Addison-Wesley. 

Mathex: Measurement No. 10, 
“Volume,” pp. 18-21, Encyclo- 
paedia Britannica Publications 
Ltd. 

Maths Mini-Lab, Card 97; 120, 
Selective Educational Equipment. 

Measure and Find out, Book 1, 
Activity 4, Scott Foresman. (Avail- 
able from Gage Educational 
Publishing) 


2cm 


\GO cm? 9m 





2. a Which holds more, the 
ice-cream carton or 
the box of cereal ? 


What is the difference ? 
> 680 cm? 


s Alitre occupies about 
1000 cubic centimetres. 
Does the gasoline can 
in exercise 1 & hold 
more or less than 9 
litres? Less 


c Does the wood box 
hold more or less than 
the L-shaped carton ? 


What is the difference ? 
Less; 6| m3 


Workbook, page 95 











2TP 
Using the Exercises Answers, Think, page 277 
Have children do the exercises on 1. 4 or more orange faces—0 
page 277 independently. If they 3 orange faces—8 
understood the development of the 2 orange faces— 12 
formula for finding volume, they 1 orange face —6 
should be able to apply the formula No orange faces — | 
and find the volume, onthe basisof 2. 4 or more orange faces—0O 
the dimensions for each figure in 3 orange faces—8 
exercise 1) 2 orange faces — 24 


1 orange face — 24 
No orange faces—8 


Assignments (page 277) 
Minimum: 1A-E. Average: 1A-G. 
Maximum: 1-2. 
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PAGES 278-279 
Objective 

Given a rectangular prism, the 
child will be able to find its surface 


area. 


Preparation 
Materials 
small boxes (1 per child; graph paper 
(centimetre grid preferred); glue 
or tape; scissors 
Before children begin the inves- 
tigation, you might have them ex- 
amine their graph paper and explain 
what unit each square represents. 
If possible, use centimetre graph 
paper so that children can count in 
whole units and need not account 
for too great an error if the graph 
paper does not come out even. 


Investigation 

Direct children to fit the graph 
paper onto their boxes, beginning 
at one corner and matching the 
squares of the graph paper exact- 
ly along two edges. When the graph 
paper overlaps, they should care- 
fully trim off the surplus. Others 
may place their box on the graph 
paper and trace around the box to 
outline the paper they need. When 
the squares do not match exactly 
with the edges of the box, encour- 
age the child to count halves of 
Squares and estimate the surface 
area. 


278 


of the box. 
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Discussion 

As you discuss exercise I, help 
children relate the number of square 
units they found it took to cover 
their box to the explanation of what 
is meant by surface area. Display 
a single cube and explain that a unit 
cube has the volume of one cubic 
unit. Thus, a cube that is one cubic 
centimetre is one centimetre high, 
one centimetre wide, and one centi- 
metre long. Help children realize 
that the area of each face of such 
a cube is one square centimetre. To 
find the surface area for the unit 
cube, they simply total the num- 
ber of faces of the cube. As you 
discuss exercise 2, stress that, to 


Use a small box. Cut out 
pieces of graph paper to 
cover the entire surface 





®@ What is the surface area of space figures? 


Investigating the Ideas 


Can you count how many square units 


it takes to cover the box ?See \nvestigation. 





Discussing the Ideas 


1. The number of square units it takes to “cover” the surface 
of a space figure is called the surface area of the figure. 


What is the surface area of a 1-unit cube ? Why ? 
6 sq units, because the cube has 6 faces, each 


with a surface area of | 5q unit. 

2. Suppose you use an inked stamper 
that prints a 1-unit square each 
time you press it against this box. 

a_ lf the squares don't overlap, 
how many times will you have to 
stamp to cover the box completely ? 72 

Bp What is the surface area of the box ? 72 sq units 


3. Can you figure out another way to find the surface area 
of the box in exercise 2? See Discussion. 


4. Can you make up a problem which could be solved by finding 


the surface area of an object ? Sample problem: How many $ 
units of gift wrapping are needed to cover a package 4X%6 


find the surface area of any rec- 
tangular prism, you can count the 
number of square units on each face 
and find the total for all the faces. 
Emphasize that surface area is a 
measure of area, using square units; 
it is not a measure of volume. 

Use exercise 3 to point out that 
the surface area may be found with- 
out actually counting square units. 
The area of each face may be found 
by multiplying its length times its 
width. Again, the surface area will 
be found by adding the areas of 
each of the faces. 

















—— 


The square centimetre is the unit for these exercises. 


1. Find the surface area of each figure. 






BO] 


* 3. The volume of this figure is 6. 


The surface area is 22. Give the 

letter of a cube that you could | 

remove so the volume would be 5 and 
the surface area would still be 22. Bor E 





Using the Exercises 


Before assigning the exercises on 
page 279, make sure children real- 
ize that the area of all the “hidden” 
faces must also be counted, includ- 
ing the faces on which the prisms 
rest. That is, a cube has the sur- 
face area of six whether it is held, 
is suspended in midair, or is lying 
on a table with one face hidden. 
In starred exercise 3, the point 
is that, with a constant surface area 
of 22, we can arrive at different 
volumes by exposing different parts 
of the blocks. Suggest that children 
try various methods to get different 
surface areas by stacking six blocks 


in various ways. 





Using the Ideas 
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Assignments (page 279) 


Minimum: 1A-E. Average: 


Maximum: 1-3. 





1-2. 


Follow-up 

Many children may enjoy rearrang- 
ing the pieces of a cube puzzle like 
the Soma cube devised by the Dan- 
ish writer, Piet Hein. The seven 
pieces of the puzzle can be made 
by gluing 27 small cubes together 
as shown in the illustration. Hein 
proved that these pieces can be put 
together in such a way as to make 
a 3-by-3-by-3 cube. Encourage the 
children, then, to invent and name 
other shapes using all the pieces. 


The Seven Soma Pieces 


Sample Soma Construction 


Resources for Active Learning 

Math Activity Cards, ‘The Painted 
Cube,” D17, Macmillan. 

Maths Mini-lab, Card 127, Selec- 
tive Educational Equipment. 


Duplicator Masters, page 56 
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PAGES 280-281 
Objective 

Given the length, height, and 
width of rectangular prisms, the 
child will be able to find the volume 
and surface area of each prism. 


Preparation 
Materials 
construction paper; scissors; tape; 
centimetre rulers 
It would be helpful to briefly re- 
view how to find both volume and 
surface area. For example, describe 
a box whose dimensions are 4 cm, 
6 cm, and 3 cm. 


3 cm 


4 cm 
6 cm 


Then work with the children to 
find volume (6 X 4 X 3 =72 cubic 
centimetres) and surface area (2 ~ 
[(3 x 4) + (6 « 4) + (3 x 6)] = 108 
cm). 
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How do volume and surface area compare? 


1. a Draw a figure like this. It is made 
of rectangles. The lengths and 
widths are shown on the drawing. 
s What is the area of the figure 258 em* 
c Cut out the figure and fold on 
the dotted lines as shown below. 
Use cellophane tape to fasten 


the sides together. 








V=8em 
SA=24 em* 
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2. Think about the rectangles that form the 
surface of a figure with the length, width, 
and height as shown. Find the surface 
area of this figure. 220 em* 








p What is the surface area of the figure ? 158 em? 
—E What is the volume of the figure ?\20 em3 


3. Find the volume and surface area of each figure. 


4 cm 





Discussion 

These independent study pages 
provide both activities and compu- 
tational exercises. Exercise 1 is 
designed to give children a feeling 
for the relation of surface area to 
space figures. This is accomplished 
by having the children determine 
the area of a plane figure and then 
use this plane figure to construct 
a space figure. Emphasis is placed 
on the fact that the surface area for 
the space figure is the same as the 
area of the plane figure with which 


. the children started. 


Starred exercises 5,6,7, and 8 
may be used as class activities or 
as optional activities for interested 


children. In exercise 6, they should 
see that to have a volume of 13, the 
figure shown must have dimensions 
1 x 1x 13. The lower cube then 
has 5 square units of surface ex- 
posed, while the half cube has | 
whole unit and 4 half units, or 3 
square units of surface. Thus, the 
total surface area is 8. 

The children may wish to con- 
struct at least a partial model for 
exercise 7. (The unit rod for some 
sets of number blocks is a cube 1 
centimetre on an edge.) The top 
and bottom cubes will each have 
5 surfaces exposed for a total of 
10 square units, while the remain- 
ing 98 will have only 4 surfaces 











V=64 em 
SA=96 cm* 








Resources for Active Learning 
Developmental Math Cards, 1*4; 
J25, Addison-Wesley. 


Workbook, page 96 
4. Find the surface area of each figure. 





%* 5. Use the information given in the pictures to find the 
surface area of a cylinder that is constructed as shown. 68 $4, units 





A circular region covers 
each end. The area of 
each region is about 7 


square units. » 









* 6. The volume of this figure is 13. 
What is the surface area ?8 sq units 


%* 7. Give the surface area of the tallest possible tower 
made of 100 cubic centimetres. 402 cy, 





* 8. The volume of this figure is 14. — 
Is the surface area of the figure 
(a) more than 8 ? B less than 8? c equal to 8? 








exposed. Thus, total surface area 
is (2X5) + (98 x 4) = 10 + 392, 
or 402 square centimetres. Some 
children will probably realize that 
the surface area of the figure shown 
in exercise 8 is more than 8 since 
the diagonal surface is greater 
than 1. 


Assignments (pages 280-281) ——— 
Minimum: 1-3. Average: 1-4. 
Maximum: 1-8. 
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PAGES 282-283 
Objective 

Given pictorial representations 
of three-dimensional objects, the 
child will be able to picture the top, 


side, and front views of the objects. 


Preparation 

Materials (optional) 

frozen-juice can; brick; geometric 
solids 


To prepare for this lesson, you 
might draw on the chalkboard an 
illustration such as the following 
and ask children what they think 


it is. 


Then tell them you will draw the 
same object from a different view, 
and draw the figure below. 


U 


Those who thought your first figure 
was an inner tube or a donut could 
both be right. Then tell the children 
that the first figure might also have 
been a drawing of an object that, 
from a different view, looks like 


this: 


They may be surprised to see that 
the “donut” could also have been a 
picture of a sombrero, viewed from 
the bottom. Use this or any similar 
illustration to stimulate interest 
in viewing objects from different 
positions. 


Investigation 

Although children should be able 
to imagine how the objects look 
from different views, you might 
want them to actually view them 
from the different positions. If pos- 
sible, have some frozen juice cans, 
or two-holed bricks, and encourage 
children to use them in drawing the 
various views. Remind them that 
for each view they should look di- 
rectly from the front or directly 
from the top, so that their images 
will not need many lines of per- 
spective. 


282 


Investigating the Ideas 








A 


Top view 








Front(_) Front 


ini 


a juice can? a2-holed brick ?2"4*4¢q table ? 


Side 
a 





Discussing the Ideas 


1. a Which objects above have front and side views 
that are the same ? Can, table 
Bp Which objects have side and front views 
that are both rectangles ? Can, brick 


2. When do you think drawings of front, top, 


an obj 


all three views the same ? Spheres, cubes, etc. 
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@ Let’s exp/ore different points of view. 





Here are a front view, a top view, and a side view of a doghouse. 


Front view 


Side view 






Can ie draw the front, top, and side views of 


Drawings 
will vary. 


a 





and side views might be used ? drawings) tn’ Bret pre 


ions of 


ct must be Shown in proper Scale. 
3. Can you describe objects with two views the same ?culinders, 


pyramids,etc. 





Discussion 

This lesson is intended to be treat- 
ed with a light touch. Children 
should have fun picturing the same 
object in different ways. As you 
work through the discussion exer- 
cises, simply stress the difference 
that a particular viewpoint makes 
when drawing an object. Plans for 
the construction of an object often 
present the three views of the ob- 
ject, as in blueprints. 

Their earlier study of rectangular 
prisms and cubes should enable the 
children to name some objects for 
exercise 3. 





Resources for Active Learning 
Math Activity Cards, “Point of 


Using the Ideas ‘ ; 
View,” C46, Macmillan. 


1. Draw the top view of each of these figures. 
Solution, Think, page 283 





A B c _ - . 
Since the cube has six faces, with 
four vertices per face, there are in 
all 24 ways the cube can be put 

Top view into the box. Besides Position 
the same 





1234, these 23 positions are pos- 
sible: 


Boies 


2. Draw the side view of each of these. 





A 2341 1265 
3412 2651 
4123 6512 
2367 5126 
3672 1485 
3. Draw the front views of the figures in exercises 18, J\ fer | oh et 
1c, 1p, 2a, 2. | id ; 
le cela (Ml ty AS a S| eas 3487 5148 
; ; 4873 
4. a Describe a figure with front and side views the same. atiertons 8734 aa 
B Describe a figure 7348 7856 
Sample (different from a) 8567 
fobe, With top and front 





sphere views the same. 
c Describe a figure 
(different from a 

and sb) with all 3 


views the same. 
Zen ple answers: 
here, cube 
* 5. Chodse an object from 


your home or school 
(different from those 
mentioned in this 

lesson). Make accurate | 
drawings of the front, 


side, and top views. 
Drawings will vary. 


Workbook, page 97 
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Using the Exercises 

Encourage the children to work 
through the exercises on page 283 
independently. However, most chil- 
dren would benefit from sharing 
and discussing the results of their 
work. Have available as many as 
possible of the geometric solids 
that are pictured in exercise 1. Al- 
though 1A, 1B, 1C, 1D, and 2A 
meet the requirements for exercise 
4A, 2A should be chosen for exer- 
cise 4B and 1A should be the choice 
for 4C. 

Encourage many children to try 
the Think problem. Some may want 
to use a labelled cube in a box to 
check their results. 


Exercise 5 is starred, not be- 
cause of its difficulty, but because 
it might be most suitably used as 
a follow-up activity for those inter- 
ested. 


Assignments (page 283) 
Minimum: 1-2. Average: 1-4. 
Maximum: 1-5. 
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PAGES 284-285 


Objective 

Given a geometric solid, the 
child will be able to identify and 
count its faces, vertices, and 
edges. 


Preparation 
Materials 
geometric solids 

Use the preparation time to fur- 
ther familiarize the children with 
various geometric solids. Display 
and name as many as you have, and 
combine some to form others. For 
example, you may place two rec- 
tangular pyramids base to base to 
form an octahedron. The more chil- 
dren can see and handle these var- 
ious shapes, the better will be their 
ability to interpret the pictorial 
representations. 


Investigation 

It is not essential that children 
handle the actual solids to com- 
plete their charts. The illustrations 
should enable them to provide the 
missing data. However, if some 
wish to refer to any solids you have 
available, do not discourage them. 
You might duplicate copies of the 
chart for children to fill in rather 
than have them spend time copy- 
ing it. 
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® Let’s explore faces, vertices, and edges. 


Investigating the Ideas 





Study the figures in the table. 















naif hexagonal | rectangular | regular _ 
| prism pyramid octahedron 


Number 
of faces 









Number 
of vertices 


Number 
of edges 


| | ee | : | 
ee. | : : | |; Zi 
| 7 


Can you copy and complete the blue part of the table ? 
See above. 


Discussing the Ideas 





1. Do you see any interesting patterns or relationships 
in your completed table ? See Discussion. 


. Aregular icosahedron has 20 faces and 12 vertices. Without 
a model or picture, can you find out how many edges it has ? 
(Hint: For each figure in your table, add the number of faces 
to the number of vertices. Is this sum close to the number 

of edges ? How close ?) See Discussion. 





= 
Discussion 
Although children may discover 
other relationships, the pattern re- 


ferred to in discussion exercise | 

is seen by combining the number 

of faces and vertices and subtract- 

ing two to find the number of edges. 
Ask children to follow the hint . ‘ 
given in exercise 2. In each case, 
the sum of the number of faces and 
vertices is two greater than the 
number of edges. Thus, if a regular 
icosahedron (children might need 
help in reading this term) has 20 
faces and 12 vertices, it should 
have 30 edges: (20 + 12) — 2. 








ji 





og 


Triangular Square 
pyramid pyramid pyramid 
Av, 4f,6e By, Of,8e ov, 6f,l04e 


How many vertices, faces, and edges does the triangular 
pyramid have ? 4-vertices, 4 faces, 6 edges 

Trace and complete the drawing of the square pyramid. 
How many vertices, faces, and edges does the square 
pyramid have ? 5 vertices, 5 faces, 8 edges 

Do you think each pyramid has the same number of faces 
as vertices ? Trace and complete the other drawings to 


check your guess. Yes ; see above. 


Write down the number of vertices and faces for each 
pyramid. Without counting, give the number of edges 


for each pyramid. See above. 





Triangular | Rectangular|Pentagonal | Hexagonal | Octagonal 


prism prism prism 


a A triangle has 3 sides. A triangular prism has 9 edges. 
(Check it.) A rectangle has 4 sides. A rectangular 

prism has 12 edges. (Check it.) A pentagon has 5 sides. 
A pentagonal prism has __ ? __ edges. \5 

How many faces, vertices, and edges do hexagonal and 
octagonal prisms have ? Trace and complete the drawings 


to check your answers. 


Hexagonal: 8 faces, |2 vertices, \6 edges 
Octagonal: \0 faces, \6é vertices, 24 edges 285 


Using the Exercises 


Using the Ideas 





Y 


Pentagonal Hexagonal Octagonal 


pyramid 
Ty, Tf, Ze 


pyramid 
9v,9f, loe 


prism prism 





You might have children extend 
the charts filled in for the investi- 
gation and use them to record the 
results of exercise |. In exercise 2, 
children should discover that the 
number of edges of a prism is three 
times the number of sides in the 
base. You might also point out the 
difference between the rectangular 
prism here and the square prism 
shown on page 269. The name of a 
prism is determined by its base. Be- 
sides exploring various relation- 
ships between faces, edges, and 
vertices, these exercises give chil- 
dren further practice in tracing and 
drawing three-dimensional objects. 


Assignments (page 285) 


Minimum: 1. Average: 1-2. 


Maximum: 1-2. 


Resources for Active Learning 

Developmental Math Cards, 178, 
Addison-Wesley. 

Modern Math Games... , ““Geo- 
metric Solids,’ pp. 37-38, 
Fearon. (Available from Clarke, Ir- 
win) 
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PAGES 286-287 


Objectives 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

If you have identified a concept 
which children found difficult, 
review it at this time. You may 
prefer to review operations with 
fractions such as children will en- 
counter on page 287. Remind them 
of the importance of common de- 
nominators and ways to find them. 
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1. Which of these aie ae is drawn ery Te 





2. Draw a triangular pyramid. 


3. Draw the front view, top & 2 
ront 


and side view of these ‘’stairs.”” Front ) 
top Side 


4. Find the volume of the figure indicated in each exercise. 


256 cu feb 


J 32 in each layer 
units 


C24 cu 
units 








8 layers 


5. Find the surface area of the box. 
44D Sq units 


6. Give the name of each space figure below. 
A 


Triangul P i 
Cone ‘angular en kanoney Cylinder 


7. What are the volume and the surface area of 


a cube that, measures 4 cm on each edge ? 
V= 64cm? SA= 96 em* 
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Discussion 

The most important exercises to 
stress on page 286 are those related 
to finding volume and surface area. 
Whether you use this page as an 
evaluation instrument or as a class 
review, emphasize the meaning of 
volume and surface area during 
your discussion. Do not expect 
children to draw exact figures in 
exercise 2; it is hoped that exer- 
cises such as 1 and 2 will enable 
the children to interpret two-di- 
mensional drawings of three-dimen- 
sional objects and recognize the 
difficulties of portraying physical 
objects in two dimensions. 















Ee OO Oooo 


Resources for Active Learning 
Developmental Math Cards, J?20, 
Addison-Wesley. 





Workbook, page 98 (Use with text 


. Find the sums and differences. page 286.) 






















a 135 Bp 154 ca 58r pd 6% e 35 F 162 
+93 —83 +39} —2} +92 —22 
at 

23%, aE 975 45, 133 14% 

; N 

2. a Give the number name for 7 VMO.28 
sp What is the number name for 2 VMP 247 yy aeauiba'. 
c What is the number name for 2 OMP?z¢6 6 
P 


3. Use the unit shown to find the area of each rectangle. 


A 


I6 sq 
units 


4. Give the numbers for 
the gray screens. 


Products 








24 sq 
units 


ual 
Quotients 


‘ | 

31 >I ciple yes ne ] 

5 j | 

4 Sees } 3 ) 
& 


Think, part 2: (3% 4)*523 (45) 
(ample solution) [(3x4)+4] % 52 Qe [4x5)+5] (lox5)+52(3x25)+25 997 


Using the Exercises 

Page 287 reviews various concepts 
treated previously in the text. Al- 
though the following chapter deals 
with fractions, it is not essential 
for children to have mastered addi- 
tion and subtraction of fractional 
numbers before studying Chapter 
14, since its principal concern is 
multiplication and division. How- 
ever, provide help to any who have 
difficulty with exercise 1. 

Note that for children who finish 
page 287 early, there is a Think 
problem, which they should find 
stimulating. You may find this an 
interesting problem to discuss with 
the entire class, once children have 









low523%25 











85100 


had an opportunity to solve the 
problem on their own. Especially, 
point out that the examples in part 
1 of the problem show that the com- 
mutative (order) principle does not 
hold for operation », and that 
using numbers for a, b, and c in part 
2 shows that the associative (group- 
ing) principle does not hold for this 
operation, either. 
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CHAPTER 14 


Pages 288-301 


General Objectives 


To introduce multiplication of frac- 
tional numbers 
To provide work with regions as a 
model for illustrating the product 
of fractional numbers 
To provide work with the number 
line as a model for illustrating 
the product of two fractional 
numbers 
To establish the basic principles 
for multiplication of fractional 
numbers 
To provide a logical development 
of the general rule for finding the 
product of any two fractional 
numbers 
To introduce division of fractional 
numbers 
To provide word-problem expe- 
riences 
The first lesson in this chapter pro- 
vides work with regions to illustrate 
finding the product of two fractional 
numbers that are represented by 
unit fractions. The second lesson 
of the chapter provides number-line 
experiences that elucidate the con- 
cept of finding the product of a 
whole number and a fractional num- 
ber represented by a unit fraction. 
Following this, the basic principles 
for multiplication of fractional num- 
bers are introduced. Then, a care- 
fully planned sequence of exercises 
presents the general rule for find- 
ing the product of any two frac- 
tional numbers. Division is intro- 
duced through work with fraction- 
al parts of the familiar centimetre 
strips. The chapter ends with the 
usual chapter and cumulative re- 
views, including practice with word 
problems. 


Mathematics 


Many different approaches can be 
used to arrive at the standard defi- 
nition for the product of any two 
a (5 
Tani =< 


fractional numbers 
b d 


T287A 


Ge. axe 


b dambped 


The approach we show below di- 
rectly parallels the development in 
the children’s text. The following 
outline shows the steps involved. 


A. Establish the following two 
facts regarding whole numbers 
and unit fractions. 

l | l [eed 


and axy=7 


a 2 b axXb 

B. Assume the commutative and 
associative principles hold for 
multiplication of fractional num- 
bers. 

C. Apply the principles to derive 
the product of any two fractional 
numbers. 


£X G= (4x5) x (c 
=(ax 0) x(¢x 35) 


=(a xc) x( 


ARE 
bxd 


x 





> 
x|— 
Se 





The two facts in part A are pre- 
sented in the children’s text through 
the use of physical models (regions 
and number lines). The basic prin- 
ciples are then presented as a par- 
allel to the principles for addition 
of fractional numbers, and, finally, 
the steps outlined in part C are 
developed gradually through exer- 
cise sets. 


Teaching the Chapter 
Materials 


Colored crayons 

Colored strips 

Demonstration number line 

Overhead projector (if available) 
and transparencies 

Paper suitable for folding 

Ruler 

Scissors 


While there are only a few ma- 
terials listed for this chapter, use 


Multiplication and Division of Fractional Numbers 


of the strips and of paper folding 
will be extremely helpful to the 
children. A demonstration number 
line will also be beneficial in sev- 
eral lessons. The overhead pro- 
jector is quite useful for showing 
shaded areas under a number line 
or in a region. Note that no new 
vocabulary is introduced in this 
chapter. All the words vital to this 
development have been introduced 
in previous work. 


Lesson Schedule 


This chapter is designed to be 
covered in about a week and a half. 
Since it appears near the end of the 
text, however, you will undoubt- 
edly want to adjust your schedule 
to meet not only the needs and 
abilities of your children but also 
your year-end schedule. Keep in 
mind that this material is presented 
again in Book 6 of this series. 


Evaluation of Progress 


You should keep in mind the fact 
that multiplication and division of 
fractional numbers will occupy a 
major portion of the work in sixth 
grade, so thorough coverage of this 
material is not expected in Grade 5S. 
Omission of topics or incomplete 
comprehension of the ideas pre- 
sented here will not prove to be a 
great handicap to the children when 
they use Book 6. 

Since mastery of all the material 
in this chapter is not expected, a 
major portion of your evaluation 
should be based on a daily check 
of children’s work and progress. 

One important thing to notice as 
you work with this chapter is the 
way in which the ideas unfold and 
culminate in the development of 
the general rule for finding the 
product of two fractional numbers. 
That is, beginning in the first two 
lessons, we develop, for the chil- 
dren, a technique for finding the 


product of two fractional numbers 
that can be represented by unit 
fractions, and a way to find the pro- 
duct of a whole number and a frac- 
tional number that can be repre- 
sented as a unit fraction. Then ba- 
sic principles are presented, and 
a carefully designed sequence leads 
to examples of the general rule, as 
on page 292. If children discover 
the rule themselves, they will be 
more likely to remember it when 
they attack the problem again in 
Book 6. As you proceed through 
the chapter, you should assist the 
children in discovering this rule, 
but try to avoid telling them too 
much. Many of the children will 
see that they can find the product 
of two fractional numbers simply 


by finding the product of the nu- 
merators and the product of the 
denominators. Those who do not 
make this discovery will have an- 
other opportunity to attack this 
problem in Book 6. 

Pages 298-301 provide review 
material to help you evaluate the 
children’s understanding of the 
ideas presented in this chapter as 
well as their retention of ideas in- 
troduced previously. 


Resources for Active Learning 


GENERAL ACTIVITIES 


A Cloudburst, Vol. 2, Nos. 3313, 
3323, 3324, 3333-3338 

Discovery, Section Il, Unit 12/6, 
Encyclopaedia Britannica Edu- 


cational Corp. 

Franklin Series: Making and Using 
Graphs and Nomographs, “No- 
mographs. . .,” pp. 87-88, Lyons 
and Carnahan. (Available from 
McGraw-Hill Ryerson) 

Mathex: Numeration No. 7, “Num- 
ber Sentence Game,” p. 47 (pu- 
pil pages 47-51), Encyclopaedia 
Britannica Publications Ltd. 


COMMERCIAL GAMES 


Action Fraction Games (CCM 
School Materials; Lakeshore; 
Math Media) 

Imout —fractions (Imout) 

Spinner Number Games — fractions 
(Heath) 

TUF (Creative Publications; Cui- 
senaire Co; TUF) 
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PAGES 288-289 
Objective 

Given regions which demon- 
strate multiplication of two frac- 
tional numbers using unit fractions, 
the child will be able to name the 
product. 


Preparation 

Materials 

paper suitable for folding, sheets 
no smaller than 10-by-15 centi- 
metres (at least 4 per child) 


To prepare for this lesson, it 
would be helpful to review how the 
lowest-terms fraction is commonly 
used to represent the fractional 
number which corresponds to a set 
of equivalent fractions. You might 
do this simply by writing various 
lowest-terms fractions on the chalk- 
board and asking children to name 
some fractions equivalent to each. 
Or, you might write some sets of 
equivalent fractions and have chil- 
dren pick out or figure out which 
lowest-terms fraction is commonly 
used to represent the number which 
matches the whole set. 





Lbio4s, tatiss ie} 
170,20, 46>...) 
AeR42 soo OE} 
tae et di Gi es | 
Investigation 


Direct the children to study the 
illustrated model and discuss with 
two or three classmates how they 
would fold their paper to match the 
illustration. Then they should try 
to fold and color paper to show 
each of the given fractional situ- 
ations. As you move around the 
room, ask children if they can re- 
name each section that they color. 
To help those who have difficulty, 
ask them how many sections their 
piece of paper has, and compare 
the total number of sections to the 
number of colored. For example, 
when they have folded 3 of 4, they 
should have 8 folded sections in 
the paper, one of which should be 
colored, so % is colored. 


288 





This paper was 
folded into thirds. 


of one third. 


bof 


4 of the region 
is shaded pink. 


4 of the region 
is shaded pink. 


288 


After one more folding, 
the paper shows half 





14 Multiplication and Division 
of Fractional Numbers 
@ Let’s exp/ore regions and multiplication. 


Investigating the Ideas 





Can you fold and color a paper to show each of these ? 


1 1 1 1 See 
2 Of 4 20f 8 | 





Discussing the Ideas 


Study example a. Then explain example s and solve the equation. 


4 of dis 
shaded red. 


2 of the region 
is shaded red. 


i of dis 
shaded red. 


4 of the region 
is shaded red. 





Discussion 

Use examples from the investiga- 
tion to show children how their re- 
sults may be interpreted in terms of 
multiplication. For example, use 
the explanation given in the inves- 
tigation section to show that 3 of 4 


is the same as 4. Children might 


want to symbolize this as + of 4 
= +4, but explain that “of” is nota 
mathematical symbol and substi- 
tute } X4= 4. If children question 
this substitution of the times sign 
for the word “‘of,” you might give 
the following explanation: 

‘For 2 times a number we think 
of taking that number two times. 
For 1 times a number, we think of 


taking that number once. For + 
times a number we think of taking 
that number one-half times, that 
is of taking only one half of it. 
Thus, for +x 4=%, we think of 
taking the amount that is one fourth 
of something only one half times; 
in other words, we take only one- 
half of the one fourth.” 

To see whether children follow 
this thinking, ask them which is 
greater: 4,,0r, #X $5045. on Xs. 
Use the examples in the text to 
continue this explanation. It is 
important that children realize that 
the product %, is less than either of 
the factors 4 or 3. 

Help children discover the rule 











nvestigation. 








Mathematics 

A unit fraction is a fraction which 
has a numerator of 1. Although the 
children are not introduced to the 
term unit fraction in this lesson, the 
purpose of the lesson is to offer a 
plausible explanation for our as- 
sumption regarding the product of 
two unit fractions. 


Using the Ideas 


1. Give the fraction of the region that is shaded red. 
Then copy the equation and give the product n. 


Ponisi tee 


4 of the region 30fZis Ill of the region 
is shaded pink. shaded red. is shaded red. 


wi 
x 

Nie 
ll 
3 

Ol- 


If a and b are nonzero whole 


Laval | 
numbers, then — X he eae 
2. ay the figures. Then A the product. ‘ i 

This fundamental relation, used 
with the basic principles for frac- 
= tional numbers, can be used to jus- 


tify the familiar algorithm or rule 


4 of 4 Pt 3 dof} that we use to find the product of 
~ 4 Bg ib ; Hgideiog yee ! i 
}x}anz i xfant : xfanh any two fractional numbers. 


3. Study the number-line picture. 
Then copy the equation and give the product. 


Workbook, page 99 








1 of i Ae aan). py & 
3 of 5 Wewrite:3 xX s=nz 

1 

seat y fe 
+ of 4 We write:} x =n 4 


4. The class used 3 of the bulletin 
board for a science display. 
Sue’s papers took 3 of the space. 
What part of the whole board 
did Sue’s papers cover ? Write 
and solve an equation. 4x += 


getters Boe? 





| 
6 
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that, for multiplication of unit frac- 
tions, the numerator of the product 
is one and the new denominator of 
the product is the product of the 
denominators. 


Using the Exercises 

Either before or after the children 
do the exercises on page 289, point 
out the sequential development 
used in the illustrations. For exam- 
ple, in exercise 3A children should 
first think of + of the number line, 
then observe that 4 of + is shaded, 
and finally that this amount is the 
same as ¢ of the unit. 

Note that in all of these exercises 
only unit fractions are used. Sim- 
ilarly, limit any additional exam- 
ples you use to unit fractions. 


Assignments (page 289) 
Minimum: 1-3. Average: 1-4. 
Maximum: 1-4. 
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PAGES 290-291 
Objective 

Given one factor which is a unit 
fraction and another factor which 
is a whole number, the child will 
be able to find their product, par- 
ticularly by using the number line. 









® How can you find the product 
of a whole number and a fraction? 





Investigating the Ideas 


lle Nia 2 OR 










Preparation g 
Materials 6 jumps of 4 We write: 6 x 4 = $o_ ee 
demonstration number line tee 2, 2 

A review of the use of the num- . ean cet ass itt ete | Soa : 7x42 % 
ber line to show multiplication of 
whole numbers would help prepare 
the children for this lesson. For ‘ 
example, illustrate 2 x 3=6, or 2 
§xX2= 10. xt 2 

Can you draw number lines and write the 
Vy mt multiplication equations for these jumps ? 
7 jumps of 4 9 jumps of 4 ‘ 


=2o__9_0—__s_# oe 
Oo 1es2 3rd od 





a ae. CR CR CAS 





1. a Can you 







OSes 24555. Ope ence Om tO) Til 
explain 
3 eine hs perl; how Nancy 
ou might also show a number line is thinking Nancy Ted 


partitioned into fractional parts to 
remind children that the number 
line is simply a tool which we can 
use to illustrate many arithmetical 
operations. 


about the number-line picture ? Repeated addition 
B How is Ted thinking about it ? Multiplication 
c Do you think Nancy and Ted will get the same answer ? Yes 


AAA AC AZA AMA 
Investigation 2. What multiplication 3 4 5 
Direct the children to study num- equation does each 5x%=8(r24) 5 jumps of $ 
ber lines A and B and then com- number line suggest ? 
pare, with two or three classmates, 3 4 5 
their product for number line B. +x%5=$(or2%) Jumping sof 5 


Although sharing ideas for finding 
the products in the investigation 
might be helpful, each child should 
draw his own number line for each 
of these multiplication problems. 
However, point out to the children 
that they must draw each number 
line to show the fractional parts 
needed for each multiplication. 
Note that the markings on the 
number line do not have to corre- 
spond to a centimetre unit, though 
centimetre markings would be suit- 
able for 7 jumps of 4, and _half- 
centimetre markings would be 
suitable for 9 jumps of 4. As you 
move around the room, help those 
having difficulty to partition their 
number lines properly. 
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Discussion 

Have volunteers exhibit the num- 
ber lines and equations for each of 
the jumps in the investigation. Use 
exercise 1 as a basis for discuss- 
ing how multiplication of a frac- 
tion by a whole number can be 
thought of as repeated addition of 
that fraction. The examples in ex- 
ercise 2 demonstrate the commuta- 
tive property of multiplication. 
Help the children realize that the 
product of both 5x4 and +5 
is the same, namely 3 or 23. As 
you work through these exercises, 
elicit from the children the obser- 
vation that, in multiplication of the 
type 5 X or % X 5, we simply use 


the whole number as the numera- 
tor and we use the denominator of 
the fraction as the denominator in 
our answer. It would be helpful to 
review multiplication of unit frac- 
tions, helping children see that with 
examples such as 3 X 3, we simply 
use ] as the numerator and we use 
the product of the denominators 
as the denominator of the answer. 





Using the Ideas 


. Study the number-line picture. Then copy the equation 
and give the product. 


A (0) 1 
aa 
B 0 2 4 5 
- és. Cai. Cs: tee. orks Vee. Fae Iock= np 2 
8 9 10 naar = 
2 ne (or 32) 
c 0 1 2 3 
2 des ae. as a a, Cs. Cae B8xi=n$ 
3 (or 22) 
D eT 2 2 
4x2=nz 
is 4 2 
5 3 (or |) 
sof 2 
E 0 1 2 
aaa lx2=n% 
ee ee (ork) 
+ of 2 





. Solve the equations. 





Bxd=h 0 dxdad 
a3xt=n3 oixian 
B7xX3=nMb H3xs=N5 
e 5xt=nzZ 1 4x4=n5 
p9xg=N2 5 BxXd=N; 
eE+x8=n& K4xXe=ny 
F4x12=n$. 4x}=nh 
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Using the Exercises 

As you assign the exercises on page 
291, remind children to study both 
the jumps on the number line and 
the shaded regions before they find 
the product, or as a check of their 
answer. In exercise 2, work with 
the two types of equations studied 
so far is provided. If necessary, 
discuss again the rules for these 
types of equations, as mentioned 
in the discussion section. 

The children will probably ex- 
periment to find that only 1, 2, and 
3 will work in the equation given 
in the Think problem. 


Maximum: 1-2. 


Assignments (page 291) 
Minimum: 1-2F. Average: 1-2. 


Mathematics 
This lesson presents a second ba- 
sic assumption about fractional 
numbers represented by unit frac- 
tions: 

a vet where a and b are 

De be 
whole numbers and b # 0. 


This relation is made plausible to 
the child by jumps on the number 
line and related to repeated addi- 
tion of the fractional number given 
by the unit fraction. 


Follow-up 

An activity that will prepare the 
child for better understanding of 
the multiplication algorithm to be 
developed in the next lesson is the 
game, ‘“‘Factor Detectives.’ To 
carry out this activity, one child 
writes a fraction on the chalkboard 
or on a sheet of paper. A second 
child must write the fraction as the 
product of a whole number and a 
unit fraction or as the product of 
two unit fractions. For example, 
if a student writes 3, the second stu- 
dent would write 3 x +; + could 
be written as + X tor 1 X x4. 


Resources for Active Learning 


Developmental Math Cards, J+3, 
Addison-Wesley. 


Workbook page 100 
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PAGES 292-293 
Objective 

Given two fractional numbers, 
the child will be able to find their 
product by applying his under- 
standing of basic principles. 


Preparation 

You might spend five or ten min- 
utes reviewing the types of pro- 
ducts studied in the previous les- 
sons (such as 4 X 4 and 5 X 4), or 
use the follow-up suggested in the 
last lesson. It would also be help- 
ful to review the basic principles 
of multiplication as they apply to 
whole numbers. For example, write 
3 X 6=6 X 3 and ask children if 
they remember which principle 
this demonstrates. Similarly, write 
(7X3) X4=7xX (3X4) to re- 
view the associative principle. The 
more familiar children are with 
these principles, the better pre- 
pared they will be to apply them 
to fractional numbers. 


222 


and give the 


292 





Discussion 

As you discuss exercise 1, ask chil- 
dren to give examples of each prin- 
ciple applied to fractional numbers. 
For example, the equations | X 4 
== 4509 X tae Xe ond (a x a) Od 
= 4X (4X4) would demonstrate 
the identity principle, the commu- 
tative property, and the associa- 
tive property, respectively. Remind 
children that by combining the com- 
mutative and associative principles 
for whole numbers they were able 
to rearrange factors, such as 4 X 6 
x 25=4x 25 X 6= 100 x 6= 600, 
or5X7X20X2=5X20X7X2 
= 100 X 14= 1400. Similarly, now 
with fractional numbers they will 


rearrange the_____? 
and get the same product. 


3. Study the diagram 


missing number. 





® Can the basic principles be used to find products? 


Discussing the Ideas 


1. Read and complete each of the basic principles for 
multiplication of fractional numbers. 
A THE 1 PRINCIPLE 
When you choose a fractional number and multiply 
by 1, the product is ? 
B THE COMMUTATIVE PRINCIPLE (ORDER PRINCIPLE) 
When you multiply two fractional numbers, the 
order of the factors does not affect the 


c THE ASSOCIATIVE PRINCIPLE (GROUPING PRINCIPLE) 
When you multiply fractional numbers, you can 
change the grouping and get the same 








? 








2. Give the missing word. 


According to the order and grouping principles 
for multiplication of fractional numbers, you can 
in any way factors 








4. Can you give a rule for finding the product of two 
fractional numbers ? See Discussion. 


be able to rearrange factors without 
changing the product. It is impor- 
tant for children to understand the 
combined use of these principles 
because we will not show the com- 
mutative and associative principles 
used individually. Rather, we com- 
bine these two principles to get the 
one general principle stated in ex- 
ercise 2 and applied in exercise 3. 
The development up to exercise 4 
logically leads to. the quick rule of 
finding the product of the numer- 
ators to find the new numerator, 
and finding the product of the de- 
nominators to find the new de- 
nominator. 








.the fractional number 











1. Give the products. 


aA5~x 
Bos: x 


ec 4~x 


A 


3 
4 


4 
3 


3X3 
aX4 


ee 


we 
2x3 


3 
3 


Wi 


II I II 


Give the products. 


x§=(3x2)x (4x3)=n 


3. Give the products. 


A 


G 


PlW 


Wior 


Colw o> Nin 


Bln 


2 
S 


x 8 


x 


x 


x 


NIw 


Nin 


Ow ain WIN 


wird 





Ss tS 1 
3 bo OMS 4 
= 1 itll 
2 3X42 3 
ES rane 
3 sx3ig 4 


ra ax 
x3= (4x5) x (3x2)=n 22 Pe 
(4x2)x (x})=n 2 4 
(3x5) x (§xa)=n & By 
(7x2)x(éx})=n ¥ By 
(5x3)x(éxd)=n & 4 y 


£ousxie 
io 3 3x8 
zt 9x is 
= n 9x3 eu 


More practice, page A-28, Set 53 


Using the Exercises 

If necessary, use parts of exercise 
2 on page 293 to help children bet- 
ter understand the method of mul- 
tiplying fractional numbers. Note 
that after study of examples like 
those in exercise 2, the children may 
well think for exercise 3A, “3 x 2 
= 6, and } X += 35; therefore, the 
answer is 3%,” rather than thinking 
in the traditional way, “3 xX 2=6 
and we put that over 4 x 5.” Note 
that the only difference is that they 
think 4 of 4 rather than 4 x 5. This 
type of thinking is highly desirable; 
however, either way they wish to 
think is satisfactory. 


ae Ol 


Wie 


Using the Ideas 


O)— 
Nv 
a 
ope 
x 
alr 


1) ® 
>» ie 
Lis! az 
Olle ae 
x x 
Nie Wie 
W- ak BE 


(3x7) x (@xd)=n & 
(5x5) x (6x4) =n 25 
(4x3) x xd)=n 2 
(5x4) x (@x3)=n 3 
(6x3)x (¢xd)=n & 


(4x5) x ($x$) =n 2 
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Assignments (page 293) 
Minimum: 1A-F, 2A-F, 3A-G. 
Average: 1-3F. Maximum: 1-3. 





Mathematics 

This lesson completes the develop- 
ment of the multiplication algorithm 
for fractional numbers. As was dis- 
cussed in the mathematics section 
introducing the chapter, our as- 
sumptions concerning unit frac- 
tions, and application of the basic 
principles of associativity and com- 
mutativity for multiplication of frac- 
tional numbers, enable us to show 
that 


a Cc axc 
—-x-= 


Ny POR TG 


The example in exercise 3, page 
292, shows the proof for the special 
case of § and #. A general proof for 
any two fractional numbers would 
be made in much the same manner. 





Duplicator Masters, page 57 
Workbook, page 101 
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PAGES 294-295 
Objective 

Given one of the strips as the 
unit, the child will use other strips 
to solve simple division problems 
involving fractional numbers. 


Preparation 
Materials 
brown, purple, light green, red, and 

white strips 

It would be helpful to review 
with the children how a strip can 
be thought of as a fractional part of 
another strip chosen as the unit. 
For example, if the red strip is the 
unit, how can we think of the white 
strip? Or, if the blue strip is the 
unit, how can we think of the light 
green strip? Finally, point out the 
unit used in the investigation: if 
the purple strip is the unit, we can 
think of the white strip as +, the red 
strip as 3, and the light green strip 
as #. 
Investigation 
Since the purple strip is considered 
to be the unit in the investigation, 
the purple train represents the 
whole number 3. Thus, children 
will actually be working with a sit- 
uation which involves dividing 3 
by 4, 2, and #, respectively. To 
help children realize this while they 
are working, move around the room 
and ask questions such as, ‘“‘Since 
the white strip is considered 7, how 
many fourths do you have in 1? in 
2? in 3?” or ““How many light green 
strips match the 3 purple strips? 
So, how many three-fourths do you 
have in 3?”’ Questions suchas these 
will help children relate what they 
are doing to the concepts developed 
in the discussion. 
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Can you make a red or light green train 


that matches the purple train? °**. 
\nvestigation, 





Investigating the Ideas 


Use the purple strip as the unit. 

a - eS 
1 i } ; 

How many white strips will “match” the purple train ? |2 


neal 2E< 


Discussing the Ideas 


1. a How many white strips did it take to match 
the 3 purple strips ? \2 
B How many fourths are in 3? |2 
ec Solve:3 =j=n 12 


4 


2. a How many halves are in 3 ? 6 
B Solve:3 +4=n6 

3. a How many three-fourths are in 3? 4 
B Solve:3 +?=n4 


4. Can you use your strips to find how many fourths 
are in three halves ? 6 (6 white strips =3 ved strips) 





Discussion 
This lesson relates division by a 
fractional number less than one to 
the physical situation of partition- 
ing a whole number or a unit. Thus, 
in the investigation, children were 
able to find how many times the +- 
strip fit into 3, and how many times 
the 3-strip, and the #-strip, fit into 
3. In each case they were dividing 
3 by fractional number 4, 3, or #. 
The discussion exercises develop 
this concept and relate it to the 
written division equation. Thus, 
each equation should be solved by 
reference to the corresponding 
matching made in the investiga- 
tion. 





You may need to help children 
decide on a unit for exercise 4. If 
they keep the purple strip as 1, then 
3 red strips would represent one 
half and children should find that 
6 white or quarter strips will match 
the three halves. Relate their work 
to the division equation } + += 6. 
This same equation may be repre- 
sented by other sets of strips, such 
as the brown, purple, and red, if 
the brown strip is the unit. 


® Can we divide by a fractional number? 


6 red strips=3 purple 


strips 


4 \t.green strips= 
3 purple strips 











! 
1. Give the missing 
fractions. When 
the brown strip is 1, 


a the purple 
Strip is lll. 
B the red 
strip is lll. x 
c the white 
strip is lll. 
2. a Howmanyhalvesini?2 3.4 
B Solve:1+4=n2 B 
4. a Howmanyeighthsin1?8_ 5. 
B Solve:1+i= "78 B 
6. a Howmanyeighthsin3?4 7. a 


<a] 


i 
pB4+}=n4 Biz; 


. Study the figure. Then / 
solve the equations. 





You find 
this quotient n x 4 = 3 
3+13-—=nm when find 
z-3 you fin 
this factor. 
t 
A meee 8 88 
| pi re My Les a 
B XA = a> 8+d= be 
3 PTE A py an FR 
Cex s = 45> 4 2.5 = bf 
1 Beal oe. 1 ee 
D gxCe = a Beth bs 
E>xt=a-~>Z-1=bs5 


More practice, page A-29, Set 54 


Using the Exercises 

Have the children do the exercises 
on page 295. However, make sure 
they consider the purple, red, and 
white strips as the correct fraction- 
al parts before they continue with 
exercises 2 through 7. 

Exercise 8 is starred, but it would 
be helpful in discussing the relation 
between multiplication and division 
of fractional numbers. The impor- 
tant thing to observe with the chil- 
dren is that division of fractional 
numbers has exactly the same re- 
lationship to multiplication of frac- 
tional numbers as has division of 
whole numbers to multiplication of 
whole numbers. We still find quo- 





mal wel wha lanemey 40% 5 
bi, BY Ebtty lie ik Netioe Wage 


A ati pd eT ett boc te 


How many fourths in 1 ?4 
Solve: 1 +}= 


a How many fourths in 4? 2 
Solve: +}= 


How many eighths in }?2 





Using the Ideas 


n+ 


Hn. 


pie 8) 





tients by thinking about missing 
factors. 


Assignments (page 295) 
Minimum: 1-5. Average: 1-7. 
Maximum: 1-8. 


Mathematics 

In this book, we do not attempt to 
develop, in any detail, the division 
algorithm for fractional numbers. 
In Book 6, however, division of 
fractional numbers will be devel- 
oped fully and it will be shown that 


ny: a” Care, 
Lie as, Snag a 





At this time, the emphasis is placed 
upon the meaning of division of 
fractional numbers and the inter- 
pretation of some simple examples 
of the division operation by means 
of the centimetre strips. 


Duplicator Masters, page 58 
Workbook, page 102 
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PAGES 296-297 
Objective 

Given function rule problems 
and short story problems, the child 
will be able to solve them by apply- 
ing his understanding of fractional 
numbers. 


Preparation 

To prepare for this lesson you 
might play a game of ““What’s My 
Rule.’ For example, write this row 
of numbers on the chalkboard: 


‘Sing ale ah Mae at: see dP gen 


Then begin to fill another row ac- 
cording to a particular rule such as 
nX 4%. 


Lees a 6 7? 

be he ee 2 3 
Ask the children who think they 
know the rule to complete the row. 
When arow is complete, ask a child 
to name the rule. Then continue to 
fill in other rows according to vary- 
ing but simple rules. This same type 
of activity may be done by writing 
tables similar to those on page 296 
on the chalkboard. 


? 


[wuor Lent 
ml > 
woo > 


2 
3 
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The Function Machine 


We can use fractional numbers in the 
function machine. When the input 
number is 3 and the function rule 

isn x 4, the output number is x. 


Think about the function machine and give 
what you think should go in each gray space. 


Function Rule 


1. nx} 2 


Function Rule 


1 
nxiz 












Output Output 














A li & or 13 A ll 2 
B ll & ort a 3 | ililz 
3 
c Il +3 © Math ollie 
2 A 
D lil p 41 Ill Fort 
E lil $ oro e sill | 
4 
F ll 2, | 
Function Rule Function Rule 
3 " 
4. a+n *5. 8 SOMO 1x 25 







Output 








A 

B 

Cc 

D e i 
E c il 2. 
F > tl 


*6. 


> 








v4 
lil BorS 


Function Rule 


I + 







lll Zorts 
oe 
lil aor 13 


7 ; 
II Bortz 





Discussion 

Observe with the children that the 
function machine may be used with 
fractional numbers as well as whole 
numbers. Point out that the tables 
include problems with whole num- 
bers as well as some with fractional 
numbers only. Also, stress that the 
starred problems are a special chal- 
lenge: they must first discover the 
rule and then apply it to complete 
the table. 


Solving Short Stories 





N 


4 Walked 14 blocks. Ran 3 block. How far in all ? 


Used stamps: 
to cent. How much 
are 50 stamps worth? 5¢ 5 


5 Square: Each side is 3 





% litre of milk for 1 cake. 
7. 4 cakes. How much 
milk is needed ? & or % | 


What part of an hour 
is 3 of } of an hour 25h 


S) 


Loaf of bread: 3 kg. 
| | Used 3 loaf for dinner. 
How many kilograms left 2% k 


Rg 2 


13 
I 


More practice, page A-29, Set 55 





Drank what part of a litre ? 


8 puppies in a litter. 
a What part of the 
litter is 1 pup ? /6 


sp What part is 2 puppies ? 
% or 4 


Using the Exercises 

You might find it necessary to work 
through several of the problems on 
page 297 with the children. For 
example, some children may need 
guidance in realizing that the first 
problem is asking them to find $ of 
¥% kilometre. Note that this word- 
problem set contains work both 
with multiplication and with addi- 
tion and subtraction of fractional 
numbers. Therefore, you might 
want to alert your children to watch 
carefully as they work each problem 
to decide which operation they 
should use for each problem. Be 
sure the children have an opportu- 
nity to discuss not only the arith- 


‘@ +f apie. Ate 4 of that. How much ? 3 or i 


Ran 5 races. 
Each was 3, km. Ran how far ? 


Garden: 4 of a square 7 
kilometre. 4 of that is§ => 7IS—fQy 
| 0) planted in corn. What 
part of a square km 
is planted in corn ? 
£ or & km? 
3 of the children were girls. 
4 of the girls went to the library. 
What part of the children 
went to the library ? = 


@ors 


qi 2km. 
4 that far. 


How far 3 km 





A blocks 





s or /L£km 


metre. What is the perimeter ? 


2 orlém 
One day: 3 of a week. 
What part of a week 


iss ofaday?4 wy 






SS 


Drank 3 glass of milk. The glass holds litre. 


he 


c_ If 3 pups are male, 
what part is female 254 
What part is male ? 3 
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metic involved in the various word 
problems but also the word prob- 
lems themselves and the situations 
described. 


Assignments (page 297) 
Minimum: 1-6. Average: 1-10. 
Maximum: 1-14. 


Follow-up 

Short stories based on data about 
artificial satellites may prove stimu- 
lating and arouse interest in re- 
search in this area. For example, 
the following questions pertain to 
the table illustrated below. 


1. If a satellite weighed 4120 kilo- 
grams, how much of that was 
needed for power supply? 

2. If the scientific payload of Van- 
guard I was 1% kilograms, how 
much did the entire satellite 
weigh? 

3. Explorer XVII weighed 188 
kilograms. About how much of 
that satellite was scientific pay- 
load? How much did the shell 
of Explorer XVII weigh? 


The weight of some of the earlier 
scientific satellites was distributed 
according to the following table. 


Scientific payloads = ee 5 
Weight of the shell. ........ ; 
Communication equipment .. . 3% 
Power supply: batteries...... 3 

solar-celis;. ee 3 


Workbook, page 103 
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PAGES 298-299 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 


Preparation 

To prepare for this lesson, you 
might review basic operations with 
fractions, stressing those which 
caused most difficulty. 


298 





1. Study the figures. Then solve the equations. 


298 











3. Give the number for a. Then give the number for b. 
a Since7 x 3 = a,weknowthat}x 7=6.2, 4 
B Since} x } = a, weknow that? x 4= 6.4 
c Since 5 x 4 x 4 = a, we know that$ x 3 
bp Since 3 x 4 x 4 x } = a, we know that 3 x 





Discussion 

The exercises on pages 298 and 
299 may be used as evaluation or 
as review. Either way, you will 
want to give your children an op- 
portunity to discuss the exercises 
after they have worked them. 

The Think problem can be used 
for those children who finish the 
exercises quickly. They should see 
that since + of the animals are horses 
and 4 are cows, the remaining 4 are 
pigs. If there are 8 pigs, then there 
must be 8 horses. These 16 make 
up half the number of animals, so 
the other half, the cows, must num- 
ber 16 also. Expect many variations 
in the way children approach this 


problem. Urge some of them to 
share their thinking with the rest 
of the class. 


ae 





4. Find the products. 


a %x%= (2x3) x (xd =nBec kx 3=(1 x3) x Gx Hd 
B x = (2 x 2) x (xt) = ng Bx = (5 x 2) x Ox) =n 


B Track: } km around. 
Ran 2 km. 
How many times around ? 8 
pd 4of apie left. 
Ate 4 of the part left. 
Ate what part of the pie? 4 


5. Solve each short story. 
Talked what part 
of an hour? sh 


a Recess: } hour. £44 
e¢ Cake: % kg sugar. 


Talked for 4 of it. 
? a 
How much for 2 cakes Me or [2 ke 








6. Give the products. 


34,13 cme 4 e5e20 Ae 
A4X6 a4 DIxXxe Ez G7xX*357 Tse ab, io 
5 1 3 3 1S 3 3 15 2 2 
Bsx3Z E 4X 7 24 Hig X 4 24 K 5X3 
i A 2 7 \ 22 A at. 
es Xs j FS OR 1 3X 56 LmHxias 


7. Give the quotients. 
a1l1+}=n8 B2+34=p4 c 2+}=ré6 pd 3+34=s6 
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Resources for Active Learning 

Math Activity Cards, D35, Mac- 
millan. [A recipe] 

Applied Mathematics Cards, 
Group 2/11, Schofield and Sims. 
[Measurements and fractions] 
(Available from Mafex Associates, 
Willowdale) 


Workbook, page 104 
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PAGES 300-301 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any top- 
ics from the text with which they 
have had particular difficulty. Since 
the children have just completed a 
chapter involving multiplication 
and division of fractional numbers, 
you may find this a good time for a 
thorough review of addition and 
subtraction of fractional numbers. 
If so, it may be advantageous to 
present on the chalkboard a few 
examples involving addition and 
subtraction of fractional numbers 
and then give the children an oppor- 
tunity to work these in a step-by- 
step fashion, explaining each step 
to the class. 

If you prefer, you might use the 
preparation period to focus atten- 
tion on the interesting “people 
facts” on page 301. 
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1. Compute the sums. 
A 693 + 48 + 976 + 928311000 c 68.34 + 2.26 + 389.45460.05 


p 57.2 + 3.6 + 349.148.3482 p 81+ 72+ 42 + 8¢ 29 


2. Give the sums, products, differences, and quotients. 

















A 964 BY 35 c 983 pd 807 eE 6954 F 395 

—485 x27 +47 —269 +9765 x 207 

419 945 i030 538 “16 119 81 765 

@ 7)5234 H 30)728 1 59)2130 J 43)3340 
T47R5 24R8 BORG T1IRZ 


3. Solve the equations. 





ahtian® c§t+ hans £0.4+03=n'6 1.4—05 = 
Bg-qg=nsg 4s a nie 82 —21= nesou 52+ 83 = ni4e 
4. Give the length of ae segment to the nearest centimetre. 
A ocm B Zem 
A B G D 


5. Give the volume and surface 6. Give the measure 





area of this weal y of this angle 
V=lo em? < in degrees. 
$A=40 cm* > en Approximately 
a: 53° 
4 ca 2cm 
7. Find the differences. a 12 wk 8 days B 17h6min 
7 wk 6 days - 9h8min 


7h S8min 


Swk 2 days 
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lems similar to those in exercise 7. 
Use other units to provide the same 
type of exercise; for example, you 
might use quarts and cups, gallons 
and pints, and so on. 


Discussion 
Have the children do the exercises. 
When they have finished, allow 
time for discussion and checking 
papers. If you discussed addition 
and subtraction of fractional num- 
bers as a part of your preparation 
period, the children may find it most 
helpful to have several parts of ex- 
ercises 1 and 2 presented on the 
chalkboard and explained. In the 
presentation of exercise 1, one of 
the important things you will want 
to stress for the children is the lin- 
ing up the decimal points in order 
to arrive at the correct sums. 

You may find it helpful to pro- 
vide children with additional prob- 


Follow-up 
Encourage children to find other 
interesting data and to make up 
problems based on the information 
they find. 


Pleaiplie 












Oldest J | Heaviest 
113 years Cath U 485.5kg 


1. The height of the tallest man 
is how much greater 
a than the height of the tallest woman ? [2.7em 
B than the height of the shortest man ?2!2.4em | 


Strongest 





58.1cm _ Lifted 2724 kg 






Tallest 


2. The oldest man died in 1814. 
In what year was he born ? /70! 


3. Of course, the strongest man did not 
lift 2724 kg over his head, but 
he did lift it off the ground. How 
much greater is the weight he lifted 


than the weight of the heaviest man ? 
2238.5 kg 





4. Some strong men can put as much 
as 170 kg over their heads. 
One of the best lifts by a small 
man occurred when a 57.7 kg 
man put slightly more than 23 times 
his own weight over his head. 
About how much was that ? !¢+% ke 


25/7:6 cma 270.5:cm 


5. Twelve times the weight of the 6. When the heaviest man was 
tallest man is about as much as the 10 years old, he weighed 
strongest man can lift. About what 172 kg. About how many 
does the tallest man weigh ?227 kg times your weight is this ? 


: Answers will vary. 
*The records given, although subject to dispute, are reasonably accurate. 
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Using the Exercises 

The problems on page 301 provide 
an opportunity for interesting dis- 
cussion as well as review of oper- 
ations with both fractions and whole 
numbers. Exercises of this type are 
provided to stimulate the children’s 
interest in arithmetic and its appli- 
cations to various interesting sit- 
uations. 
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CHAPTER 15 


Graphing and Geometry 


Pages 302-321 


General Objectives 


To develop skill in graphing co-or- 
dinates 

To build understanding of symmet- 
ric figures and reflections 

To introduce tessellations of a 
plane 

To introduce negative integers 

To extend the idea of graphing co- 
ordinates which include negative 
integers 

To introduce the idea of graphing 
number sentences or functions 


The first lesson in this chapter re- 
views locating points in the first 
quadrant of the co-ordinate plane. 
Subsequent lessons introduce sym- 
metric figures and reflections, ro- 
tations, translations, similarity, tes- 
sellations, and integers. Rotations 
are introduced through consider- 
ation of fractional clockwise turns 
of figures on a geoboard. Transla- 
tions and a study of similar figures 
build upon the child’s understand- 
ing of co-ordinates and graphing. 
The children are introduced to tes- 
sellations in the following lesson. 
Finally, negative numbers are intro- 
duced and points with negative co- 
ordinates are plotted in the co-ordi- 
nate plane. The last lesson introduces 
the operations of addition and sub- 
traction of numbers by presenting 
graphs of number pairs using simple 
functions. The chapter concludes 
with a page which reviews the top- 
ics in the chapter and a page of 
cumulative review exercises. 


Mathematics 


In this chapter, geometry is used 
to picture, or graph, certain arith- 
metic relationships. To do this, we 
use the Cartesian co-ordinate sys- 
tem, named after the French math- 
ematician, Rene Descartes (1596- 
1650). ; 
To set up a co-ordinate system 
in the plane, we choose two per- 
pendicular number lines that inter- 
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sect at zero and then associate 
points on the plane with number 
pairs. In the beginning, we use 
number rays with the whole-num- 
ber points labelled. Having chosen 
two rays, we can locate a point for 
any pair of whole numbers, pro- 
vided we agree on which number 
in the pair refers to which ray. It 
is conventional to agree that the 
first number refers to the horizontal 
ray and the second number refers 
to the vertical ray. 


oe NV W 





As negative numbers are intro- 
duced, the number rays become 
number lines labelled with positive 
and negative numbers, and intersect- 
ing at the co-ordinates (0, 0). 

While studying the last part of 
this chapter, the children will also 
translate input and output numbers 
from function tables into the corre- 
sponding pairs of co-ordinates, and 
then graph these co-ordinates. 

Each function rule produces a 
set of number pairs, and the graph 
of these pairs often reveals a pat- 
tern. This idea of picturing or 
graphing a special set of number 
pairs associated with a function is 
one of the most important ideas in 
mathematics. The graphs of most 
of the functions in this chapter are 
straight lines. Such functions, call- 
ed linear functions, are the para- 
mount concern of elementary al- 
gebra. More complicated functions 
and relations may produce patterns 
such as parabolas, hyperbolas, cir- 
cles, and ellipses. 

Two other important mathema- 
tical concepts presented in this 
chapter are negative numbers and 
their use in extending graphing to 
the entire plane. Negative numbers 


are first presented to the children as 
“reflections” of the positive numbers 
on the number line. 


Negative Numbers Positive Numbers 
eee gamma ok pe, 
35 H{s3c0 =P Owl w isuagtsaT Siw Fc] [D> S3)asI4ets 
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In the diagram, each whole num- 
ber is paired with a corresponding 
negative number. As shown on the 
diagram, we consider the negative 
numbers to be those less than zero, 
which suggests many applications 
for their use: temperatures above 
and below zero, in and out of debt, 
and so on. In mathematics, negative 
numbers are solutions for equations 
of the following type: 


4+n=0 
n=~4 


Pairs of numbers are introduced in 
this chapter as co-ordinates that in- 
dicate various locations on _ the 
plane. 


Teaching the Chapter 
Materials 


Acetate, 7-by-12-cm pieces (1 per 
child) 

Cardboard 

Construction paper or manilla tag- 
board cards, 7-by-12-cm (optional) 

Dot paper, geoboard paper 

Graph paper (l-cm grid is suitable 
for most work) 

Overhead projector 

Pattern blocks (if available) 

Rulers 

Scissors 

Tracing paper (transparent) 

Transparencies of a grid for use on 
overhead projector 


Transparent geoboard for use with 
overhead projector, or transpar- 
encies on which geoboard exer- 
cises may be done 


Vocabulary 


axis 
co-ordinate axis 
co-ordinate plane 
co-ordinates 
graph 
line of symmetry 
mirror image 
negative number 
positive number 
reflection 
rotation 
similar figures 
symmetric figure 
tessellation 
translation 

The most important material for 
this chapter is graph paper. It 
would be helpful to have available 
an abundant supply of graph paper, 
dot paper, or geoboard paper. You 
might wish to prepare your own 
from a duplicating master (see Du- 
plicator Masters, pages 61-66). It 
would be extremely tedious for 
children to have to make their own 
grids, although it is important that 
they learn to draw in the co-ordi- 
nate axes properly. 


Lesson Schedule 


Since this is the next to the last 
chapter in the book, adjust your 
time schedule according to the in- 
terest of the children and the time 
remaining in the school year. The 
chapter is planned to be covered 
in a week, but some classes may 
need or want to spend two weeks 
investigating the many interesting 
activities. 


Evaluation of Progress 


Since one of the main purposes of 
this chapter is to provide children 
with stimulating and enjoyable geo- 
metric activities, you should not be 
overly concerned with the chil- 
dren’s proficiency in graphing or 
with their ability to use the new 
vocabulary easily. The children 
should enjoy the many activities 
of this chapter (even though some 
of them require a good deal of con- 
centration) if they are introduced 
with sincere interest and enthus- 
iasm. 


Resources for Active Learning 
GENERAL ACTIVITIES 


[The first five references suggest 
a variety of interesting co-ordinates 
games. ] 


Developmental Math Cards, 1712, 
Addison-Wesley 

Inquiry in Mathematics via the 
Geo-board, “Tic-Tac-Toe,” Geo- 
Cards 24/ 1-7, Walker (Available 
from Fitzhenry and Whiteside) 

Madison Project: Discovery in 
Mathematics: A Text for Teach- 
ers, “The Point-Set Game (Go),” 
pp. 55-66, Addison-Wesley 

Mathex: Graphing and Probability 
No. 6, ““Alpha-Hits”” and “‘Bat- 
tleship,” pp. 3-6, Encyclopaedia 
Britannica Publications Ltd. 

Notes on Mathematics in Primary 
Schools, *““Nine Men’s Morris,” 
pp. 231-233, Cambridge Uni- 
versity Press (Available — from 
Macmillan of Canada) 

Experiments in Mathematics, Stage 
1, pp. 30-31, Houghton Mifflin 
[Curve stitching] (Available from 
Thomas Nelson & Sons) 

Franklin Series: Making and Using 
Graphs and Nomographs, “Maps 

., pp. 49-70, Lyons and 


Carnahan (Available from 
McGraw-Hill Ryerson) 

Freedom to Learn, ‘““Geometry — 
Congruence and Symmetry,” 
pp. 153-154, Addison-Wesley 

Mathex: Geometry No. 9, “Sym- 
metry,” pp. 43-47, Encyclopae- 
dia Britannica Publications Ltd. 

Mathex: Graphing and Probability 
No. 6, “Graphing Equations,” 
pp. 7-11, Encyclopaedia Britan- 
nica Publications Ltd. 

Notes on Mathematics in Primary 
Schools, ‘Position Fixing and 
Co-ordinates,” pp. 104-112, 
Cambridge University Press (Avail- 
able from Macmillan of Canada) 

Nuffield Project: Computation and 
Structurenn 3a ss. truth-sets; 
pp. 14-18; Graphs Leading to 
Algebra 2; Pictorial Represen- 
tation 1; Shape and Size 3, “‘“An- 
other look at symmetry,” pp. 23- 
54, Wiley 


MANIPULATIVE DEVICES 


Geoboards (Addison-Wesley) 

Geo Strips (Math Media; Selective 
Educational Equipment) 

Number Line (school supplier) 

Pattern Blocks (McGraw-Hill Ryer- 
son; Selective Educational 
Equipment) 

Sigma Chips (Sigma, Scott Scien- 
tific) 

Spirograph (Cuisenaire Co.) 


COMMERCIAL GAMES 


Battleship (local supplier) 

Go Game (Gomoku) (Math Media; 
World Wide Games) 

Madison Project: Independent Ex- 
ploration Material (Math Media) 

3-D Tic-Tac-Toe (Childcraft; Cre- 
ative Publications; World Wide 
Games) 

Vectors (Selective 
Equipment) 


Educational 
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PAGES 302-303 


Objectives 

Given a pair of co-ordinates, the 
child will be able to graph the cor- 
responding points on a co-ordinate 
plane. 

Given points on a co-ordinate 
plane, the child will be able to iden- 
tify the co-ordinates. 


Preparation 
Materials 
graph paper (Duplicator Masters, 

page 65) 

It would be helpful to review 
with the children how a horizontal 
and vertical number line can be 
used to form a co-ordinate plane. 
For example, exhibit on the chalk- 
board a horizontal number line, re- 
minding children that for every 
number we think of, there is a cor- 
responding point on the number 
line. Then draw the vertical axis and 
help children realize that it is simply 
a number line in a vertical position. 
You might want to help the child- 
ren begin the grid they will need in 
the investigation. 


Investigation 

For children who have previously 
graphed points on a grid, this in- 
vestigation will simply be a review. 
Others may need some guidance 
as they study the example and di- 
rections. When they connect the 
dots they have drawn, instruct the 
children to connect the last dot (H) 
to the first dot (A). For those who 
finish quickly, you might present 
another set of dots such as the fol- 
lowing: 


(3,0), (1,3), (3,6), (5,3), (3,9) 


(rhombus) 


Orr C17, Cl: a) str ye ey), (SYS), 
(5,3), (3, 1) (hexagon) 
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DOK at its 


co-ordinates. 
(4, 3) 


Make a grid like this 


a (5,5) 
B (2,3) 
Cr..(3}2) 


302 


Discussion 
Use the first part of the discussion 
period to answer any questions 
children might have concerning the 
investigation activity. Then have 
volunteers demonstrate how to 
graph points by graphing those in 
discussion exercise | on a grid 
drawn on the chalkboard or over- 
head projector. Exercise 2 empha- 
sizes the conventional agreement 
that the first number in a co-ordi- 
nate pair indicates the distance from 
zero on the horizontal axis, and the 
second number indicates the dis- 
tance from zero on the vertical 
axis. 

It would also be helpful to dis- 


and graph these points. 


AMES y OE (1,2) 
Br (4)2) om F2<(1,3) 
CAOd) paGe 4) 
D: (2,1) -H: (3,4) 


jie) Graphing and Geometry 


® Can you graph points? 


ah" the dot. 


Investigating the Ideas 





THINK)about its 
ocation. 
Over 4, up 3 


2 re 





























What geometric figure can you form 





by eanneaung! the dots in order r, 
Oct 


Discussing the Ideas 


1. Explain how you would graph these points: see Discussion. 


p (0,0) 
E (4,0) 
F (0,4) 


2. How can you show that the points for (5,3) and (3,5) 
are different points ? see Discussion. 


cuss how to graph fractional points 
such as (34, 24). Make sure the 
children realize that every frac- 
tional number can be matched to 
some point on the number line. You 
might develop this by asking chil- 
dren to name some of the points 
between 2 and 3, such as #, 23, 3, 
2?. Point out that since every frac- 
tional number can be matched to 
some point, the number line is so 
full of points with fractional num- 
bers that we would use a solid line 
to represent all the fractional num- 
bers between two and three. 











1. Give the missing number. Then give the co-ordinates. 


A 


Point A is 5 over and Jill up. @ 
The co-ordinates of A are”, 7%... 


Point B is |\lll over and 4 up. 2 


The co-ordinates of B aré2,?™ . 


c Point 


The co-ordinates of C aré°, 722. 


ov Point 


The co-ordinates of D aré2, 22). 


Ee Point 


The co-ordinates of F aré*2, #2). 


2. Give the co-ordinates F(2,\); G(1,5); H(6,5); 1(3,0) 3 J(4, 5); 


of points F throu, iors , 
); N(5z,35);0(25,55); PCS 4S 


M(33,33 
3. The first 


been graphed and connected. 


Use you 


copy and complete the 
picture by connecting 
these points in the order 
given: (1,1), (5,9), 
(9,1), (0,6), (10,6), 

(1 rl se See graph. 


4. Inventa 


list the co-ordinates 
for the points of the 
picture. Then:see if 
a classmate can draw 


the picture. 
See Using the Exercises. \ 


Using the Ideas 





C is O over and |illl up. 3 








D is \\lll over and 23 up. 





E is 43 over and [il up.42 





h P.Kz,5);LU,22): 
2 points have 


r graph paper to 


oO =| NO! & Gi Gg Ila © 


picture and 


Using the Exercises 

Before assigning the exercises on 
page 303, point out that some of 
the points graphed in exercises | 
and 2 are not directly on the lines 
of the grid because they represent 
points which match fractional num- 
bers. Provide graph paper for exer- 
cises 3 and 4. For exercise 4, en- 
courage children to give points not 
only for other pictures but also for 
geometric figures and designs. 

By drawing a picture for the 
Think problem, children might note 
that, although the snail has gained 
31 centimetres each day, by the be- 
ginning of the ninth day he has only 
61 centimetres to go. Therefore, at 








) 4-4 | 
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the end of the ninth day, having 
advanced 61 centimetres, he is al- 
ready at the top and we do not 
count the slipping back that night. 
Hence, he makes it to the top of the 
board on the ninth day. 


Assignments (page 303) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 


Follow-up 

Children might enjoy graphing and 
connecting one of the following 
sets of points to see what picture 
results. These may then be colored 
and displayed. 


(Witch) (Clown’s Face) 
1. (9, 0) 1. (0,9) 
2 (125.4) pe tee 
3 (1352 6) 3. (16,0) 
4. (16, 3) 4. (18,3) 
Sco Uae) 5.. (22,8) 
6: (22,6) 6. (19, 14) 
72 (26,0) 7. (24, 18) 
8. (22, 6) 8. (18, 20) 
929279) JN 19833) 
10. (22, 12) 10. CIR ss'19 
1124712) Ti (18F, 28) 
12071975) LZ e( T4279) 
13. (243, 34) 1 Shh, 25) 
14. (62, 243) 1LAYO5 23) 
152. S24) 15°8(1 9? 333 
16. (4, 213) 1649-323) 
17. (4, 163) Ife Vl S220) 
1846.19) IS 135.25) 
19. (6, 18) 19. (4, 19) 
20: (5, EF) 20. (6, 183) 
21. (6, 18) 21. (0,9) 
22. (5, 19) 22 (O42) 
23. (4, 163) 8 OL me Sy 
24.2 ee 5s) 24. (23, 163) 
252 €259) 25 (Gass 
Za stel 3) 26. (19, 14) 
27. (43, 112) ZEAL S 1G) 
28.215; 10) Zee b2, 10) 
29S "(Os 05) 29.01 1710) 
304 (65510) 30. (10, 17) 
31. (6, 103) 31. (45, 16) 
Silat sphind) 32. (6,9) 
33, (85.9) 33.(4, 7) 
34. (53,9) 34. (5,8) 
35. (63,72) 3321240) 
36. (8, 8) 36. (LAs 34 
37. (6, 3) 37. (15, 14) 
38. (113, 6) 38. (18, 7) 
Bie ee Ga ge 39: (19,6) 
40. (115, 6) 40. (17, 8) 
ALCL Sot) 41. (19, 14) 
42. (133, 6) AQ. 122.12) 
43. (115, 11) 43. (21,10) 
44. (11,8) 44. (24, 82) 
45..(9,.17) 45: 21s) 
46. (4, 213) 
47. (9, 17) 
48. (22, 12) 


Workbook, page 105 
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PAGES 304-305 
Objective 

Given the graph of half of a sym- 
metric figure, the child will be able 
to graph the other half. 


® Can you graph symmetric figures? 





Investigating the Ideas 


] Cut out a piece 2 Fold it 3} “Graph” each point 
of graph paper. like this. with the compass tip. 
(Push through both parts.) 


Preparation 
Materials 
graph paper (Duplicator Masters, 
page 65); compass or carbon 
paper 
Because of the nature of the in- 
vestigation, you might have the 
children begin it immediately. 





! 
Liat 


ot 


hat 
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Investigation 

Distribute graph paper to the chil- 
dren and help them study the in- 
vestigation directions to see how 
they should label the axes from 0 
to 8, and cut along the lines mark- 
ed 8. When they fold the paper, 
they should fold the right side in 
back of the left so that they can 
see the numbers along the vertical 
grid. In order to mark both sides 
of the graph at once, they might 
use the tip of a compass to prick 
a hole or they might work on top 
of a piece of carbon paper, carbon 
side up. If neither compasses nor 
carbon are available, they might be 
able to use the carbon technique by 
replacing the carbon with a piece 
of paper which they have covered 
with pencil lead. In any case, be 
sure to stress the importance of 
connecting the dots in the given 
order. 





| BE ee 





Use the steps above to graph these points: 
(4,8), (0,8), (1,7), (1,6), (3,6), (3,7), (0,4), (0,3), 
(1,2); (4:3) 7 (233), (272), (4,1),44,2) 719,07; 

Connect them to form half of a figure. Now unfold the paper. 


Can you use the other holes to help you 





draw the other half of the figure ?see above. 





Discussing the Ideas 


1. The line along the fold is called the line of symmetry. 
A When you graphed the point (1,6) with your compass tip, 
what other point did you automatically graph on the other 
side of the line of symmetry ? ¢7, 6) 
sp Answer the question in a for each of the points 
in the Investigation. see Answers, T.E. page 304. 


2. How many different triangles can you find in the left half 
of the completed figure above ? Can you find each triangle 
in the right half of the figure that is congruent to a 


triangle in the left half ? see triangles labelled A,A’;B,B; 
C,C’ in illustration above. 
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Discussion Answers, discussion exercise 1B 
One of the most important points 1B (4,8) = (4,8) 

of this lesson is to help children (0,8) =~ (8, 8) 

recognize the line of symmetry in (1,7) ~ (7,7) 

a figure and realize that from this (1,6) ~ (7, 6) 

dividing mark each symmetric half (3,6) ~ (5, 6) 

of the figure can be seen. Name (By ToS) 7) 

a point on the left side of the fold (0,4) ~ (8, 4) 

and ask the children to find its (0, 3) ~ (8, 3) 

matching point on the right side. Q19.2)9210, 2) 

Then elicit from them the observa- (4,3) = (4, 3) 

tion that both points are the same (2,3) ~ (6,3) 

distance from the fold, that is, from (292) we(Oy2) 
the line of symmetry. Then they (4, 1) ~ (4, 1) 

should try to connect the points on (4, 2) = (4, 2) 

the right side of the fold to make a (0, 0) ~ (8, 0) 


matching half. 
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1. Suppose you folded each picture along the dashed line. 
In which pictures would the dots match each other ?A andC 


A 


2. Where could you fold each picture so that the two parts 








i as a 6 — a 7) 

| | anes 

; _ Shes += a al 

4: ioe sae i tok +— 
oo gh 4 a a ake + 

3 mG 3 rs - 

2 creer abt tt +t 

| ky ta Soman | 

Peet eee 
Peek = ee ea (te oe et a 

Tee 2 ai os 5 6 i ee ac ee Pena ae 


will match ? See dashed lines below. 


A 


3. Copy each figure on graph paper. Then draw the ‘other half.” 


4. Draw half of a symmetric figure. Ask a classmate 








1 


| 


fo7) 
“ay 


5G dk 


| 
Te a 
j =o fe a 
20 43) > ee 5 6 di yee 


to draw the other half. Figures will vary. 


Using the Exercises 

Assign the exercises on page 305 
as independent work. Encourage 
children to try various ways of 
proving to themselves that they are 
choosing the correct answer. Some 
may copy the figures on graph pa- 
per and fold them along the line of 
symmetry to see if the points match. 
Others may be able to compare dis- 
tances from the line of symmetry 
by using a compass. 

Exercise 4 may be extended to 
include other related activities such 
as those suggested in the follow-up 
section. 


c 





Using the Ideas 
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Assignments (page 305) 


Minimum: 1, 3. Average: 


Maximum: 1-4. 





1-3. 


Mathematics 
A plane geometric figure is said to 
have a line of symmetry if there is 
a line in the plane which separates 
the figure so that, for each point 
P, of the figure on one side of the 
line, there is a corresponding point 
P, of the figure, such that the line 
is the perpendicular bisector of 
ley aby 
A 4 Line of 
t ag HS ty symmetry 


alia 


The sain. line is called the 
line of symmetry or axis of sym- 
metry. If a figure has a line of 
symmetry, then the figure is a 
line-symmetric figure. The two 
matching parts of the figure may 
be connected as in figure A or as 
in figure B. 

This definition of symmetric fig- 
ures means that, informally, when 
given a figure drawn on a piece of 
paper, we may test it for symmetry 
by folding the paper along what we 
think is a line of symmetry to see 
whether the two halves match. An- 
other method of checking symmetry 
of figures is to place a plane mirror 
in a vertical position along a pre- 
sumed line of symmetry to see if 
the reflected image falls directly 
on the other half of the figure. For 
this reason, line symmetry is some- 
times called reflection symmetry. 





4 Line of 


Follow-up 

We often consider faces to be sym- 
metric along a line passing verti- 
cally down the centre of the face 
between the eyes, but the actual 
study of faces shows that most 
faces are not truly symmetric. En- 
courage children to think of ways 
to test for symmetry in pictures of 
faces by carefully lining a co-ordi- 
nate grid on top of the face (making 
sure the line of symmetry is proper- 
ly placed in the centre before the 
other grid lines are drawn). They 
can then compare the position of 
eyebrows or ears, using the points 
on their grid as reference. 
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PAGES 306-307 
Objective 

Given a figure or half of a figure, 
the child will be able to draw its 
reflection, or mirror image. 


Preparation 

Materials 

pieces of acetate or plastic, 7 by 12 
centimetres; cardboard for frames 

(optional) 

To prepare for this lesson, guide 
children in the use of their “mir- 
rors.” When the plastic is placed 
so that it is perpendicular (stand- 
ing straight up) on the line of sym- 
metry, the reflection of the figure 
will appear on it. It might also be 
necessary to back the plastic with 
cardboard or with dark construc- 
tion paper. You might want to have 
the children use the writing in ex- 
ercise | to practice with their ‘“‘mir- 
rors.” If actual mirrors are avail- 
able, you might prefer to use them. 
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Let’s explore line symmetry. 


For these exercises you will need 

a ‘‘magic mirror.” To make one, cut 
out a piece of acetate or plastic 

8 by 13 centimetres. If necessary, 
make a cardboard frame to hold the plastic. MAGIC MIRROR 





1. Here isa SECRET MESSAGE. Can you use your mirror 
to figure out what it says ? Raise your hand 


Can you make some messages for others to figure out ? 





| } 
tay Gane oF a) em Peay R i; 
. | | 
; | 
\ | | | i | 
i 


3. Can you draw the reflection (“the other half’’) of each figure ? 








Discussion not available, suggest to the chil- 
As suggested in the preparation, dren that they trace the grid and 
the message in exercise 1 might be _ then try to draw the reflections. 
used for practicing the procedure 
with the mirrors. If children are 
able to use only the plastic with- 
out a cardboard backing, they will 
easily be able to make secret mes- 
sages of their own. They need only 
write out the message, turn it up- 
side down, place their mirror to 
form a reflection, and copy it be- 
hind the plastic in mirror-writing 
form. 
Exercises 2 and 3 are also based 
on the use of a mirror to find the 
reflection of a figure. If graph paper 
the same size as that in the text is 





2. Here are a “half word” and a “half numeral.” Name them. CHECKED; 1308 


How many more “half words” and “‘half numerals’”’ can you make ? 





ate? 


yD 


- = ; : ec , 
Check your drawing with your mirror. Make some more like these. Discussion. — 





3. A pentomino is made up of 5 squares. 





LINE-SYMMETRIG PATTERNS 


. This graph-paper design is 

line-symmetric. (One half is 

a reflection of the other half.) 

Its two halves are exactly alike 

and will fit upon each other. How ?Fold 
diagonally. 

Can you use your graph paper to 

make other line-symmetric designs ? 














Strip designs like this can be used as borders in decorating. 
Where can you fold it so that one half is a reflection of 
the other half ?;Can you use your graph paper and make other 
border designs that are line-symmetric ? 

Fold vertically through centre. 


|~ at Re, 


af | 






Each of its squares can touch another one 
only along one complete common side. Here 
are two of the twelve possible pentominoes. rt | 
One has a line of symmetry and the other a Pa 
does not. Which one ? Can you find other = 
pentominoes with lines of symmetry and 


draw them on graph paper ? 
See Answers, T.E. page 307. 











No line of | 
symmetry i. 


thee 
| 
| 











Using the Exercises 

The exercises on page 307 are in- 
tended to encourage the children 
to create their own designs. You 
might want to combine such a page 
with an art lesson; if so, stress how 
artistically pleasing symmetric de- 
signs can be. 

Use the terms reflection, image, 
symmetry, and line of symmetry in 
an informal manner; they need not 
be taught formally. Your use of 
these terms in discussions with the 
children, and questions about them, 
should enable children to under- 
stand their meaning. 


Answers, Exercise 3, page 307 
The pentominoes with lines of sym- 
metry are shown below. 


aie 4 
fFHEE+ » 


tf 


Assignments (page 307) 
Minimum: 1 or 2. Average: 1-2. 
Maximum: 1-3. 








Follow-up 

Commercially prepared mirror 
cards would be useful in provid- 
ing further practice with symme- 
try and reflections. If these are 
not available, children might make 
a set for use in class. Various tasks 
could be designed. For example, 
some cards might show half of a 
figure with the question: ““Can you 
name the whole figure? Check your 
answer with a mirror.”’ Other cards 
might show drawings of two half- 
figures side by side with the ques- 
tion: “Do these halves match? 
Check your answer with a mirror.” 


RA f 


Resources for Active Learning 

Franklin Series: Mirror Magic, 
“Symmetry .. .;” pp. 58-83, 
Lyons and Carnahan (Available 
from McGraw-Hill Ryerson) 

Inquiry in Mathematics via_ the 
Geo-board, “Polyminoes,” Geo- 
Cards 14/1-6, Walker. (Available 
from Fitzhenry and Whiteside) 

Math Activity Cards, C44, Mac- 
millan. 

Maths Mini-lab, Cards 122-124, 
Selective Educational Equip- 
ment. 

Developmental Math Cards, 1*6, 
Addison-Wesley. [Symmetry and 
3-D] 
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PAGES 308-309 
Objective 

Given a figure on the geoboard, 
the child will be able to rotate it 
90°, 180°, or 270°. 


Preparation 

Materials 

geoboard (1 per child); dot paper 
which simulates the geoboard 
(Duplicator Masters, page 64); 
elastic bands for the geoboards; 
transparent geoboard for use with 
overhead projector 


To prepare for this lesson, clar- 
ify the meaning of the term ro- 
tation. For example, remind the 
children that we speak of the earth 
rotating about its axis as it revol- 
ves around the sun. A top rotates 
when it is spun; we make a com- 
plete rotation if we turn ourselves 
completely around once, returning 
to our original position. If children 
understand what is meant by a 
complete rotation they should be 
able to work through the investi- 
gation without much difficulty. 


Investigation 

The arrow illustrated on the geo- 
board is not intended as an exam- 
ple of the kind of figure children 
are asked to make on their geo- 
board. That is, it does not look ex- 
actly the same after the } rotation 
as it did in its original position. The 
children must make a figure which 
does look exactly the same after 
they have rotated the board in 
clockwise direction a quarter of a 
turn. The kind of figures which are 
acceptable will be figures such as 
these: 
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Start 


Start * 
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® What changes do rotations make? 


Investigating the Ideas 


paper some figures that will look exactly the same 
at the end of a rotation as at the beginning ? 





Discussing the Ideas 


Make a4 
clockwise 
rotation. 


Make a? 












Can you show on your geoboard and draw on dot 


See 
Investigation, 





1. Here is a} rotation. Which of your geoboard figures look 
the same after a 4 rotation as at the beginning ? See Discussion. 


ale 


2. Here is a3 rotation. Can you show a geoboard figure that 
looks the same after a ? rotation as at the beginning ? See Discussion. 


clockwise \ 


rotation. 









Discussion 

It would be helpful to use a trans- 
parent plastic geoboard on the 
overhead projector so that chil- 
dren could demonstrate the figures 
they have made. Use their exam- 
ples and let children judge whether 
or not the 4 rotation changes the 
appearance of the figure. Some of 
these same figures may then be 
used for discussion of exercises 1 
and 2. It would be helpful to make 
a table to display the results of 
this discussion. The sample table 
at the right shows a few possible 
choices of figures. 








3 


4. 


. Each part shows a geoboard at the start and at the end 
of a rotation. Tell whether it was a 


End 


. Draw a picture on dot or graph paper to show what each 
geoboard will look like after a 3 rotation. 


. Complete exercise 2 for 
a} rotation and for a 
3 rotation. See ex. 2. 


Which of these will look 
the same after a4 
rotation ? a} rotation ? 


17) 


3,4, or 3 rotation. 


End 








All look same after = rotation: 
A and B look same after 5 rotation. 


Using the Exercises 

Have the children do the exercises 
on page 309 independently. They 
may want to check their answers 
by copying the design of a figure 
onto their geoboard and trying dif- 
ferent rotations. This is particular- 
ly recommended for exercises 2, 
3, and 4, where children must de- 
cide what the geoboard will look 
like after a particular rotation. 

For those who try the Think 
problem, suggest that they guess 
how much money they would have 
before they start computing the 
doubled amounts. They will prob- 
ably be surprised to find how much 
money they would have. 


Using the Ideas 





Assignments (page 309) 
Minimum: 1-2. Average: 1-3. 
Maximum: 1-4. 





Mathematics 

A physical model of a rotation of 
a geometric figure may be made as 
follows: 

Cut out a triangular region from 
tagboard. Use a single thumbtack 
to pin it to a piece of thick card- 
board. Mark around the triangular 
shape. Now turn the triangle to a 
new position and mark around it 
again. Each triangle is a rotational 
image of the other with respect to 
the centre of rotation (marked by 
the thumbtack). 







Centre of 
rotation 
(thumbtack) 


A figure is said to have rotational 
symmetry with respect to its cen- 
tre of rotation if it appears not to 
have been moved by the rotation. 
In other words, all the points of the 
figure fall again on the figure. Thus 
a square has a 90° rotational sym- 
metry and every rectangle has 180° 
rotational symmetry with respect 
to their centres. An_ equilateral 


Eat 


triangle has 120° rotational sym- 
metry when the centre of rotation 
is the centroid or centre of gravity 
of the triangle. 


Follow-up 

Children might enjoy choosing a 
figure and using various rotations 
of it to make designs. Distribute 
stiff paper on which you have du- 
plicated a variety of shapes, such 
as squares, triangles, and rectan- 
gles, each with a dot at its centre. 
The children should select a fig- 
ure, cut it out, and pin it or tack it 
to a piece of paper backed by card- 
board. Then they should trace the 
outline of the figure in its original 
position and in its position after 
each of several different rotations. 
After the resulting designs have 
been colored, they could serve as 
an attractive display for the bulle- 
tin board or chalkboard tray. 
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PAGES 310-311 
Objective 

Given the graph of a figure in 
the co-ordinate plane, the child will 
be able to show a translation of it. 


® Let's exp/ore trans/ations. 


Investigating the Ideas 


— 
oO 


Preparation 

Materials 

graph paper, I-cm grid (Duplica- 
tor Masters, page 62) 





Anita made a 
“point slider’ 
like this from 
graph paper. 
She called it a “‘right-3, 

up-4 point slider” and used 

it as shown on the graph to 
““slide’’ each point of the blue 
figure to a new position. 





If appropriate for your class, you 
might mention the meaning of the 
word translations in reference to 
changing from one language to an- 
other. Since children might be fa- 
miliar with this meaning, explain 
that in this lesson the use of the 
word has a different meaning, a 
geometric meaning. 


oS 
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See Investigation. 1; 021) 30r4 HSe Sistecagamae 





Show your 
results on 


graph paper. 


eee “right-4, up-5 point slider’ 
Investigation Can you make a “rig up-9 point sil 


Emphasize to the children that they 
should be very careful in cutting out 
the “point slider.”’ You might want 
to guide them in making it, begin- 
ning with a 4-by-5 rectangle, draw- 
ing a diagonal from corner to cor- 
ner, and cutting along this line. Then 
instruct the children to copy the fig- 
ure ABCD made with solid lines 
onto the paper. They should then 
be able to use their “right-4, up-5 
point slider” to translate the figure 
to its new position. You can check 
the children’s work by noticing the 
co-ordinates of the new figure: point 
A moves from (1,4) to (5,9); B 
from (3, 4) to (7,9); C from (4, 1) 
to (8, 6); and D from (0, 1) to (4, 6). 





and use it to find the new position of 
the blue figure after sliding each point ? 








Discussing the Ideas 


1. Explain why Anita called her “point slider” 
a “right-3, up-4 point slider.”” Because 

2 When we ors itl aa figure toa New position, we Call this 

" motion a translation of the figure. The red arrow on the 

“point slider’’ shows the direction and distance of the 
translation. In the picture above, how far was each point 
of the blue figure moved to obtain the new position ? 
(Mark off the scale units along the edge of a piece of paper to 
make a ruler.) 


3. Explain how you could use a “right-4, up-5 point slider’ 


as a ‘‘left-4, down-5 point slider.”’ 
Rotate slider \80°(a~% votation’).5ee Discussion. 
310 
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Discussion 

Exercise | refers children to a study 
of the illustration in the text. As 
you discuss this and exercise 2, 
stress that the translation changes 
the co-ordinates of the figure accord- 
ing to a particular pattern. For ex- 
ample, list the co-ordinates of the 
figure ABCD beside those of the 
new figure A’B’C'D’. 


A: (1,4) ~ A’: (4,8) 
B: (3,4) > B’: (6,8) 
C4, Dye C'G7,5) 
D2 (O)1)>.DA (333) 


Relate the “right-3, up-4 point 
slider’? to the pattern of adding 3 
to the first number of each original 


co-ordinate pair and 4 to the sec- 
ond. You might also use the trans- 
lation children showed in the inves- 
tigation to point out the pattern of 
adding 4 to the first number and 5 
to the second when the “right-4, 
up-5 point slider” is used. 
Exercise 3 simply emphasizes 
the idea that the translation “‘left 4, 
down 5” is the opposite, or the in- 
verse, of “right 4, up 5.” 
Throughout your discussion, 
stress that the shape of the figure 
does not change, only its position. 





1. Copy this figure on your 
graph paper. Then draw 
on your graph paper the 
final positicn of the 
figure after using the 


translation indicated. 
See graph. 





The beginning and final 
positions of the figures 
are given. Which “point 


sliders’ were used ? 
A “Right-6 up-4" 
B “Right-3, up-2” 


Using the Ideas 





. Can you draw a picture on your graph paper and show its new 
position after each of these translations ? Drawings will vary. 
A left 3, down 2 


B right 3, down 4 





c left 4,up5 
311 








Using the Exercises 

Make sure children have sufficient 
graph paper to do the exercises on 
page 311. Encourage them to work 
independently. However, before 
they begin, help them to under- 
stand the first exercise. It is not 
necessary that children make and 
use the point sliders for each trans- 
lation. Most should be able to in- 
terpret the over-and-up action indi- 
cated by each illustrated point slider 
and either count or add to find the 
points for the new position of the 
figure. Note that children will need 
to use separate sheets of graph pa- 
per for these translations in order 
to avoid overlapping of the result- 





ing figures. It would also be help- 
ful to explain that the answers for 
exercise 2 should be given with the 
over-and-up terminology as used in 
exercise 3. 


Assignments (page 311) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 


Mathematics 

Suppose a figure is given in a plane. 
Now imagine that all points of the 
figure are moved in the same direc- 
tion and the same distance. Then 
we say that the figures in its final 
position is a translation of the orig- 
inal figure. . 

A physical model of a transla- 
tion may be shown as follows. Cut 
out a triangular shaped region from 
a rectangular piece of cardboard 
to form a template for a triangle. 
Place an edge of the template along 
a ruler (see below) and draw a tri- 
angle using the template. Slide the 
template along the ruler any chosen 
distance. 





Now mark another triangle using 
the template. The second triangle 
is a translation of the first one. 

Observe that when a figure is 
given in the co-ordinate plane, we 
may easily perform translations by 
“moving” every point “‘over and 
up” by the same amount. This has 
the effect of sliding every point in 
the same direction and the same 
distance, and is the basis for the 
feasibility of the ‘point slider” in 
the lesson. 


Resources for Active Learning 

Developmental Math Cards, “‘Ro- 
tations, Reflections, Transla- 
tions,’ J716, Addison-Wesley. 
[A game] 


Sit 





PAGES 312-313 
Objective 

Given a figure in the co-ordinate 
plane, the child will be able to con- 


® Can you enlarge figures? 





Investigating the Ideas 














struct a similar figure in the co-or- ; 
dinate plane by graphing a multi- 

ple of the co-ordinates of the given 

figure. 

het aly 

Materials 





graph paper, I-cm grid (Duplica- 

tor Masters, page 62); rulers 

Remind the children that in the 
rotation and translation of figures, 
neither the size nor the shape of the 
figure changes. You might, for ex- 
ample, show them a small square 
in the centre of the geoboard, and 
rotate it to show that its shape, size, 
and position are unchanged. Then 
to show a translation move the 
square to another area of the geo- 
board but keep its original size. Ex- 
plain that in this lesson they will 
study still another kind of motion 
that may be shown for a graphed 
figure. 








(1,2) JM (3,0) 
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Can you copy the red square on your paper and show 


the figure that would result if all the corner 
co-ordinates are tripled, graphed, and connected Pace 








Discussing the Ideas 


1. How would you describe the new figure formed by tripling 
: mple answer :‘ 
the co-ordinates ? It is the same shape but is larger than 
original figure. 
2. a How many times as long is the side of the new figure 
as the side of the red square? 3 


B How do the areas of the two figures compare ? 
New figure has 9 times the area of the original figure. 


Investigation 

Before children begin to work on 
this investigation, make sure they 
relate the function machine and its 
rule to the graph. For some chil- 
dren, you might want to restate the 
function rule as, “Multiply each 


3. What figure do you think would result if the co-ordinates 
were doubled ? quadrupled ? Both will be same shape as original. 
Doubled co-ordinates will give Zx original length of sides and 4x original area. 
Quadrupled co-ordinates will give 4x original lengthof sides and (@x original area. 
4. How does the distance from (0,0) to (3,6) compare with 








co-ordinate by three.” Note that, in 
order to complete this investigation 
successfully, the child must correctly 
identify and copy the co-ordinates 
of the original small square. 


ey 
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Discussion 

One of the main points of this les- 
son is for children to realize that 
similar figures differ in size but not 
in shape. It should be obvious to 
children that the shape of the square 
has been maintained and that the 
new figure is larger. A study of the 
unit square of the grid should help 
children realize that the length of 
each side of the new larger square 
is three times that of each side of 
the original square. However, the 
area of the new square is three 
squared, or 9 times that of the 
original. You might ask children 
whether they think this would be 
true of any original shape and a 


the distance from (0,0) to (1,2) ?, Tes 3 times as far, 





similar figure formed by tripling 
its co-ordinates. Suggest that they 
try this with squares of other sizes 
or with other figures, such as rec- 
tangles or parallelograms. 

In discussing exercise 3, observe 
that, no matter what multiple is 
used, the resulting figure will be 
similar to the original (in this case, 
a square). As you discuss exercise 
4, instead of using rulers, you might 
have the child mark the shorter dis- 
tance, from (0,0) to (1,2), on an 
edge of paper and see how many 
times he can “lay it off’ on the 
longer distance. 





1. On your graph paper show 


\ | 
the figure that would 9) ab 
result if the co-ordinates 8 \ an 
of the triangle were 7 : “ct is 
a doubled. 6| aN 
. i 
B tripled. BE r+—+A46¢ t\ as f 
c quadrupled. : oe el Pe a es 
bp multiplied by 5. | \\ Niel | MN | 
See graph. > geo | Nia ae coo Px 
eaten: Sa amen mea a 
[A ikl IN \\ \ 
2. When the co-ordinates of one | \ vt | 1 is | ‘ 
% cee on : eS Se Ee ee et 
figure are multiplied to eo er aca ee aaa baa 


arrive at the co-ordinates of = 49, 
a second figure, the figures 
are similar to each other 
(the same shape). Here are 
two similar figures. 

The co-ordinates of the 
large figure are what 
multiple of the co-ordinates 
of the small figure? 3 
Show on your graph 
another figure similar to 


these figures. 
Figure sizes may vary. aria 


A 


3. On your graph paper make 
two rectangles that 

are similar. 

two right triangles 

that are similar. 

two other interesting 
figures that are 


similar. 
Figures may vary. 


A 


= 
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Using the Exercises 

Have the children do the exercises 
on page 313 independently. Be- 
sides graphing the figures, they 
might be asked to record the co-or- 
dinates of each similar figure in 
number pairs. For example, when 
the triangle in exercise 1 is quadru- 
pled, the following list would be 
appropriate: 


C2), —..(4,8);,@,0) 
(1.0). > (4,0). 


(8,0); 


The Think problem is a special 
challenge. Allow any child who 
wishes to try it, but do not let them 
be discouraged if they fail to find 
the answer. After the children have 
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Using the Ideas 


313 





had some time to consider the prob- 
lem, discuss it with the class. A large 
graph would help in the discussion. 
Suggest the children think of 20 cm 
or (20, 0) corresponding to 6 metres 
or 600 cm or (600, 0). Then 1 metre 
corresponds to 30 times (600 — 20) 
that, or 30 metres of the pole. 


Assignments (page 313) 
Minimum: 1-2. Average: 1-2. 
Maximum: 1-3. 


Mathematics 

Reflections, translations, and rota- 
tions are kinds of motions in geom- 
etry which are called rigid motions 
because the figures resulting from 
any of these motions have exactly 
the same size and shape as the orig- 
inal figure. 

In this lesson a new motion, 
which could be called an enlarge- 
ment, is introduced. This special 
motion, achieved by multiplying 
the co-ordinates of each point of a 
figure by a fixed number, produces 
a similar figure which is larger than 
the original figure, provided the 
multiplying factor is greater than 
1. If the factor is between 0 and 1 
a similar but smaller figure would 
result. Thus an enlargement is not, 
in general, a rigid motion, except 
in the case in which the multiply- 
ing factor is 1. 


Resources for Active Learning 

Measure and Find Out, Book 1, 
Activity 19, Scott Foresman. 
[Another way to enlarge figures] 
(Available from Gage Educational 
Publishing) 


Duplicator Masters, page 59 
Workbook, page 106 
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PAGES 314-315 
Objective 

Given appropriate geometric 
shapes, the child will be able to use 
the shapes to make a tessellation 
of a region. 


Preparation 

Materials 

construction paper; tracing paper; 
scissors; graph paper 


Since children will need time to 
trace and cut out the shapes they 
choose, have them begin the inves- 
tigation immediately. If pattern 
blocks are available, their use 
would save children the task of 
making their own tiles. 


Investigation 

Before children begin working on 
the investigation, help them to ob- 
serve how the illustrated triangles 
fit together. 

Children may use any of the giv- 
en figures. Suggest that they make 
at least 20 tiles to start with, par- 
ticularly if they choose one of the 
smaller shapes. It would be help- 
ful to have them use graph paper 
for tiles of the T-shaped model. 
You might guide them in making 
a template for both the diamond 
and the hexagon, or even duplicate 
copies of these shapes. They can 
then use the template to outline as 
many shapes as they need. 

Distribute I-cm or 2-cm graph 
paper to the children and suggest 
that they outline a 3-by-3-centimetre 
square on it. Then challenge them 
to form some tiling patterns with 
their shapes. They should not try 
to cover the square region exact- 
ly; some overlapping of the border 
should be expected. The purpose of 
the boundary is simply to give the 
children a workable surface to tes- 
sellate. Children may use only one 
of the figures in their tiling pattern, 
or they may use a combination of 
two of them. Encourage a variety 
of patterns, but allow the children 
to work with the shapes of their 
choice. It is important that no 
spaces or open areas are left with- 
in the tiling patterns; every part of 
the square region should be covered 
with some part of the tiling. 
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This tiling pattern 
could completely 
cover this page. 
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Discussion 
The main point of this lesson is for 
children to realize that a tessella- 
tion covers a plane, leaving no 
holes or open spaces. If you have 
a small regular octagon, you might 
use it on the overhead projector. 
(A regular octagon has 8 sides of 
equal length.) The regular octagon 
will not tessellate the plane. Let 
children discover by experimen- 
tation that a square with sides of 
length equal to the sides of the 
octagon is needed to fill in the 
“holes.” 

If time permits, you might have 
children study the illustration at 
the top of the page and look for 


1. A pattern that covers a plane with tiling 
is called a tessellation of the plane. 
a Can you tessellate a plane 
with a regular octagon ? No 
Explain your answer. See Discussion. 
ps Can you use another 
shape with the octagon 


to tessellate a plane ? 
Yes; see Discussion. 


@ What are tessellations? 


Investigating the Ideas 









Can you use one or two of these shapes as models 
for tiles to cover a Square 12.7 cm ona side ? 


See Investigation. 


Vee 


Discussing the Ideas 





2. Which regular polygons could be used 


to tessellate a plane ? 
Equilateral triangle, Square, hexagon 


geometric shapes within the de- 
sign. For example, in this design 
triangles, rhombus, trapezoids, and 
parallelograms may be found. 





























Follow-up 

The study of tessellations should 
stimulate ideas for many designs 
and tiling patterns. Refer to the re- 
source materials listed below for 
several ideas. As always, remem- 
ber how much children enjoy see- 
ing their work of this kind displayed 
around the classroom. 


Using the Ideas 


1. This picture shows a 
covering of the red square 
with yellow pieces made 
up of 6 small squares. 

Can you find some different 
6-square pieces that will 
completely cover the square ? 


Show each tessellation. 
See Answers, T.E. page 315. 


Answers, exercise 1, page 315 
Possible 6-square pieces which will 
tessellate the square: 





2. Can you invent a figure of your own that could be used 
to tessellate a plane ? Figures will vary. 
Show the tessellation on graph paper and color it so that 


an interesting pattern stands out. Resoure cefongs clive, Learning 


Experiments in Mathematics, Stage 
1, pp. 14-15; Stage 2, “Reptiles,” 
pp. 8-9, Houghton Mifflin. (Avail- 
able from Thomas Nelson & 
Sons) 

Geometry in the Classroom, New 
Concepts and Methods, pp. 46- 
49, 75, Holt, Rinehart and Win- 
ston of Canada, Ltd. 

Mathex: Geometry No. 9, “Tessel- 
lations,” pp. 53-56, Encyclopae 
dia Britannica Publications Ltd. 

Notes on Mathematics in Primary 
Schools, “Tessellations,” p. 131- 
142, Cambridge University Press. 
(Available from Macmillan of 
Canada) 


3. a Can this shape ——_> 
be used to make a tessellation ? Yes 
ps Use four of the shapes to make a figure similar Hin 


in shape but larger. 





4. Can you trace this special graph paper grid and use the blue, Een) 


figure shown to draw a tessellation of each red figure ? sample solutions. 
1. 2 1* _ a oN 





oe) 











Using the Exercises 

The exercises on page 315 are in- 

tended to be worked independent- 

ly. Children will need graph paper 

for exercises | and 2 and tracing 

paper for exercise 4. You might 

have children select one of these 

exercises if there is not sufficient 

time to do them all. Isometric graph 

paper, if available, would be inter- 

esting for the children to use. You 

might also use these tessellation 

activities for an art or free period 

activity. However, your choice of 

how to use them should depend not 

only on the amount of time avail- Assignments (page 315) 
able but also on the enthusiasm ex- Minimum: 1-2. Average: 1-3. 
hibited by the children. Maximum: 1-4. 
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PAGES 316-317 


Objectives 

Given positive and negative num- 
bers as co-ordinates, the child will 
be able to graph the corresponding 
points on a co-ordinate plane. 

Given points on a co-ordinate 
plane, the child will be able to give 
the co-ordinates of each point. 


@ Let’s explore whole numbers and graphing 


Discussing the Ideas 







Line of Symmetry 


Mirror 


Preparation 

Materials 

graph paper or 4-quadrant co-ordi- 
nate grid (Duplicator Masters, 
page 66) 

To stimulate children for further 

work with co-ordinates and graph- 

ing, you might play a quick game of 

co-ordinate Tic-Tac-Toe. Split the 

class into two teams, X and O. 

Draw a grid on the chalkboard, 

clearly labelling both axes and draw- 

ing in the vertical and horizontal 

lines of the grid. 
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Positive Integers—> 


—=— Negative Numbers 


This whole number line shows numbers for the points opposite 
the positive whole numbers. Numerals for these numbers are in red. 
These ‘‘new’’ numbers we call negative whole numbers. 


You can think of whole numbers in two ways. They tell you 

“how many.”’ But they also tell you ‘‘what direction’’ (above or 

below zero). Positive and negative numbers are useful in 

describing many things in the world around you. They are also 

useful in gra DING ieote temperatures above O°, negative numbersindicate 


i 8 : fo} 
1. Explain how positive and negative numbers are used Ohanewe 


















































thermometer. 
5 , =. : 
2. Explain how positive and negative numbers can be used for 
4 telling the amount of time before and after blast-off. negative munbere eae 
*. used totell the amount of time before blast- off, 
3. How can you use positive and ~~ °°*t¥e ttelltne amoun¥ of Ekneetanes sores 
; : blast- 
3 negative numbers in a game when of. 
) your score goes below zero ? 
Use negative numbers to record scores below) 
4. How can you use positive and 
| negative numbers to talk about 
? Use 
0 Patteuaberts Reese scenes door 
Vel, negati inal e ow Ss @ 
Sit: Wo ane Be 5. How can you use two crossed 
; number lines to give co-ordinates for wai 
A member of each team gives the ant noite ae > ’ we een 
position of his team’s mark (X YsP P See Uipeussicn: 
or O) by naming in proper order 316 
the co-ordinates of the location he 
chooses. The first team to get four 
X’s or four O’s in a vertical, hori- Discussion bers, zero, and the negative num- 
zontal, or diagonal row wins. Negative numbers are introduced _ bers. Exercises | through 4 provide 


by illustrating them on the number _ situations to be discussed as exam- 
line as reflections of positive whole ples of how positive and negative 
numbers. By means of this intro- numbers might be used. You might 
duction, each positive number can develop the ideas in exercise 5 by 
be thought of as having an opposite. using the two intersecting number 
We read the symbol ~1 as ‘“‘nega- _ lines for some games of co-ordinate 
tive one.” Negative | is the oppo- Tic-Tac-Toe or Battleship (see the 
site of positive 1,~2 is the opposite follow-up section). 
of 2, ~10 is the opposite of 10, and 
so on. Point out that any whole 
number and its opposite are equi- 
distant from zero on the number 
line, but they lie on opposite sides 
of zero. 

Use the text material to intro- 
duce the set of the positive num- 
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1. Ascientist was conducting an 


experiment with a certain type of 
motor oil. He was testing the oil 
at very low temperatures. The 
graph shows the temperature at 
various times (in minutes). 


a What 


the oil at 1 min ? What are 4°C 
the co-ordinates of that point 24) 


B What 


the oil at 3 min ? What are 2°C 
the co-ordinates of that point bees 


c What 


the lowest recorded 
temperature ? C5,~6) 
p At what two periods of time 


whoa OD 






was the temperature of 


was the temperature of 


| an 
PWN? O-N 


Degrees Celsius 


are the co-ordinates for 


| 
> oO 


was the temperature 5 
degrees below zero ? At 4min and émin 


—E What 


would you guess about 


the temperature at 
734 minutes ? \t's about O°C. 


2. Inthe graph on the right, the 
co-ordinates of point A are (3, ~2) 
and the co-ordinates of B are 
(“3, 2). Give the co-ordinates 


of points C through K. 
See below. 


Draw a pair of axes like those 
for exercise 2. Graph the 
following co-ordinates. Label 
them A, B, C, and so on. (Answers indicated in ved on graph above) 
e (3, 4) 
F (4,4) 


A (2, 4) 


B (2,4) 
Ex.2 C (3,2); DC3,2); EC2,-3); F(4.-3); @(,3); H-4,3);1@-4); J 24s 


ce (2,~4) 
p (2,74) 


K(C-4,2) 


12346678 





Using the Ideas 


Time (minutes), 2 


Output 


cs (1, 2) 
H-(1,2) 








Using the Exercises 

Have the children do the exercises 
on page 317 independently. You 
might reemphasize that the co-ordi- 
nate which shows the horizontal 
(left or right) direction is always 
given first in a pair. The children 
need draw only one pair of axes for 
exercise 3. However, if you wish to 
provide them with further practice, 
you might have them graph other 
sets of co-ordinates. Capable chil- 
dren might do some research to find 
appropriate data for graphing. 
They might list some locations and 
graph their heights above and below 
sea level. 


Assignments (page 317) 


Minimum: 1-2. Average: 1-2. 


Maximum: 1-3. 





Mathematics 

The two important mathematical 
concepts presented in this lesson 
are the negative numbers and the 
use of these numbers to extend 
graphing to the entire co-ordinate 
plane. 


Follow-up 

Children may enjoy the game of 
Treasure Hunt (an adaptation of 
Battleship). Each player or team, 
makes two co-ordinate grids. On 
one, he marks the locations of his 
treasures; on the other, he records 
the points he used to find his oppo- 
nent’s treasure. Treasures of vari- 
ous sizes may be used; for exam- 


ple: 

Chest 2-by-4 array of dots 
Pot of gold 2-by-3 array of dots 
A diamond _2-by-2 array of dots 


Each player takes turns calling out 
the co-ordinates of a point where 
he thinks one of his opponents’ trea- 
sures may be located. 





Each player must inform the other 
when he has struck one of his trea- 
sures. For example, player A may 
have “hidden” his diamond at 
lee 2) el G5). Ge pe alih ae ae) 
Even though player B may find the 
point (1,~2), he may need several 
more turns before he can locate the 
other three points of the treasure. 
The player who finds the most trea- 
sures is the winner. 


Resources for Active Learning 

Math Activity Cards, *‘Addresses,” 
C1, Macmillan. 

Teaching Aids for Elementary 
Mathematics, ‘‘Graphing Pic- 
tures,” pp. 132-137, Holt, Rine- 
hart and Winston. 
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PAGES 318-319 
Objective 

Given a simple function rule in- 
volving positive and negative num- 
bers, the child will be able to find 
and graph the input-output num- 
bers of the function. 

Preparation 

Materials 

graph paper or 4-quadrant co-ordi- 
nate grid (Duplicator Masters, 
page 66) 7-by-12-cm cards (op- 
tional) 

To prepare for this lesson, you 
might quickly review the use of 
function rules with whole numbers. 
For example, tell the children that, 
when you think 7, you will write 
12; when you think 9, you will 
write 14; and so on. Continue to 
give input numbers until the chil- 
dren are able to name the number 
you will write. Finally, ask them 
to explain your rule. A brief oral 
activity of this kind should simply 
remind children of various function 
rules they have previously studied. 
You might also want to review the 
graphing studied in the previous 
lesson. 


Investigation 
For children to benefit most from 
this investigation, have them work 


Can functions of whole numbers be graphed ? 


Investigating the Ideas 


Each time this function machine 
operates, it produces an 
input-output card. We can 

mark a point on the graph 

for each card. 


Add 1 


Output 

















ee ee Study the graph and 
er ieee Pat ea ag) the pattern of the 
tn input and output 
a a numbers on the cards. 


Can you draw the input-output cards Showitheunie ae 


on a graph. 
See above. 


that the machine would produce for 
inputs 1, 2, 3, and 4 ?See above. 





Discussing the Ideas 

















1. What do you notice about the set of points on the graph ?they tie ina 


Describe other cards that will come from the machine. Straight line. 
(-5,-4), C65), (5,6), (6,7), ete. 2 
2. How can the Investigation help you find these sums ? Biscussion. 


PRET 6 Bp 2+ 1-1 c 34+ 1-2 > 4441-3 


in groups of two or three so that 
they can study and discuss the 
material with one another. The 
graph should aid them in deciding 


the outputs for 1, 2,” 3; and 4: 
Give only that guidance which is 
absolutely necessary; encourage 
children to think through the inves- 
tigation with each other or by them- 
selves. 

You might challenge those who 
finish quickly with the following 
problem: 


Find co-ordinate pairs for this 
rule: Add 4. Some sample cards for 
this rule are shown below. Can you 
find others? 


Input Output Input Output 


(2,6) (0,4) 





Input Output 


a A 
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Discussion 

If children have done their graph- 
ing carefully, they should notice 
that, for exercise 1, all of their 
points are in a straight line. It would 
be helpful to have them use a ruler 
and connect the dots with a line. 
Then you might show them how to 
locate another co-ordinate pair far- 
ther out on the line, such as (6,7) 
or (~5, ~4). Use of a grid transpar- 
ency with the overhead projector 
would be helpful in your discussion 
of exercises | and 2. As you dis- 
cuss exercise 2, point out the rela- 
tion of each addition phrase to the 
input-output cards the children 
made in the investigation and to 


the points they graphed. It would 
also be helpful to describe situa- 
tions in which such phrases might 
occur. For example, to explain ~4 
+ 1 =~3, present the following sit- 
uation: “If the thermometer reads 
~4 degrees and the temperature 
rises 1 degree, what does the ther- 
mometer read?” (~3) Similarly, for 
-3+1=72, you might describe 
this situation: “If you owed each 
of three people one dollar, and 
someone gave you one dollar which 
you immediately gave to one of the 
persons, how much in debt would 
you be now?” (two dollars in debt, 
or ~2) 











1. Complete the function table. The graph may help you. 


Function Rule 


Add 2 





ill 3 











Ill 
tit 
Il © 
il ~' 






Use the table or graph to help you solve these equations. 
nO eee nose 2+ 1=ni.c 24+ 3=n-lo 2+ °4=n°-2 


. Give the missing numbers in 
the table. Then list and 
graph the input-output pairs. | 


A 
Function Rule Function Rule 


Add 3 Subtract 1 


Output Output 
6 3 
5 He 
lh 4- 1 
Il 3 0 
il 2 I 





il | IMlI-2 | 


Using the Exercises 


Have the children do the exercises 








on page 319 independently. They 
will have to make their own graph 
for both parts of exercise 2. Re- 
garding the second table, you might 
remind the children that subtrac- 
tion “undoes” addition and may 
be interpreted as a movement to 
the left on the number line. 


Using the Ideas 


DL 


Answers, exercise 2, page 319 





2A Graphed by ». 
B_ Graphed by x. 


Assignments (page 319) 
Minimum: 1. Average: 1-2. 
Maximum: 1-2. 





Follow-up 

The co-ordinate Tic-Tac-Toe 
game may be adapted to include 
negative numbers. Exhibit a co-ordi- 
nate system using the numbers-—5 
through 5 either on the chalkboard, 
ona large chart that can be covered 
with acetate, or on a transparency 
that can be used with an overhead 
projector. For such a grid children 
should try to get five X’s or five O’s 
in a row, column, or diagonal. Strat- 
egies to block the other team while 
continuing to build a string of X’s or 
O’s will arise as the children play 
the game. Eventually, they should 
become skillful enough to make 
every contest a draw. 

You can make the game more 
difficult by extending the game 
board to a larger grid and by requir- 
ing six X’s or O’s in a row. You 
might also reverse the rules and 
say that the first team which has 
three X’s or O’s in the row loses. In 
this case, the grid should not ex- 
tend beyond ~4 and 4. 

















A Sample Winning Game 
of Tic-Tac-Toe 


Resources for Active Learning 

Notes on Mathematics in Primary 
Schools, ‘““Crossroads,” pp. 239- 
240, Cambridge University 
Press. [A game] (Available from 
Macmillan of Canada) 

Madison Project: Discovery in 
Mathematics: A Text for Tea- 
chers, pp. 71-74, Addison-Wes- 
ley. 


Duplicator Masters, page 60 
Workbook, page 107 


x13 


PAGES 320-321 
Objectives 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 
Materials 
graph paper (Duplicator Masters, 

page 61 or 63) 

Depending on the needs of the 
class, review topics which caused 
difficulty during the study of this 
chapter. For example, you might 
review the meaning of the terms 
symmetric figure, rotation, and 
translation. 


320 





1. Copy this figure on your graph 
paper. Then draw the other half 


to make a symmetric figure. 
See graph. 





























ign (2 Gseciehenvas 











|. 2. Draw the picture that results when you 





A move each point of this figure 





over 3 and up 2. See graph. 





B triple the co-ordinates of the points. 

















Or NWF A DN DO OO 


3. Copy the table on 
your paper. Complete 
your table by giving 
the number pairs for 
points C, D, and E. 
Give a function rule 
for this set of number 
pairs. 





4. What rotation does the 


pair of geoboards show ? 


zor2 
320 


Discussion 

Page 320 may serve as an evalu- 
ation instrument, or you might use 
it as a basis for discussion to review 
this chapter. In either case, give 
children ample time to do the re- 
quired graphing. When they have 
finished, check their work carefully 
and allow time for questions. 








of this figure to get a new figure. 
See graph. 


Function Rule 


+2 








ill 4- 
il 5 
Il @ 





oo Qa BB >} 
NO 








il 
lh. 





m 





5. Give the 
co-ordinates of 
points e through v. 








BC2A2)..Ci72) 
GCI) Jc2-) 
H(-2-1) 














. Solve the equations. 


AvtcxX Bele a 
B5xn=30¢6 
ec 28=4xnt7 
n=5x 8 40 
6x n= A427 
nx 3 = 24/8 
n=9x6 54 


/ Sns= 63.9 
40=nx85 
n=5x 9 45 
6 xn = 549 


7x9=ne3 
723 en 9 


(6 x 4) +6=n30 
(8x 6)+3=n51 
56 = (9 x 6) + n2 
67 = (9x 7) +n4 
48 = (n x 5) + 32 
46=(nx7)+4¢6 
81 — (nx 9) = 09 


i 
J 
K 
L 
m 56=n x 87 
N 
oO 
Pp 


H 49=7xn7 n=8 x 864 x 56 — (nx 7) = 08 


. Give the fractional part of the region that is shaded. 


. Find the sums. 
A 4 =i 3 2 or ia 


. Find the differences. 


12 YN 5 
Are. 4\8 B 


ee, 
5 10 


or 





5. Find the sums and differences. 








a 3h B 83 c 7% pd 64 
+53 —1} +33 — 33 
4 8 4+ je { 
6. Give the products. 
aAsx3 Zoi b4xit c3xeh p 3x 3 Sor! 





O24 











Using the Exercises 

Page 321 may be assigned as in- 
dependent work or you might use 
it to review basic operations. Again, 
have children check their work 
carefully and allow time to correct 
any incorrect ideas. If children do 
exercises incorrectly, it is impor- 
tant that they realize why their 
work is considered incorrect. 





Workbook, page 108 (Use with text 
page 320.) 
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CHAPTER 16 


A New Mathematical System 


Pages 322-332 


General Objectives 


To create interest by exploring new 
mathematical systems 

To introduce children to a mathe- 
matical system having a limited 
number of elements 

To provide additional opportuni- 
ties for children to work with the 
basic principles 

To introduce exercises to stimulate 
children’s imagination 

The new mathematical system in- 

troduced in this chapter is clock 

(modulo 12) arithmetic. Several ex- 

amples of addition on the clock pro- 

vide intuitive background for addi- 

tion and subtraction on a “twelve 

clock.” Then multiplication is pre- 

sented as repeated addition, and the 

inverse is developed for use in find- 

ing missing factors. 

Children are led to discover the 
operations for a “four clock,” and 
then are introduced to a special 
clock using a weekday calendar. 
Pages 328 and 329 review the con- 
cepts of the modular system intro- 
duced in the chapter. 

Finally, the last three pages of 
the chapter provide a review of the 
skills and concepts that form the 
nucleus of Book 5. These pages 
may be used for either evaluation 
or review. 


Mathematics 


Clock arithmetic is also called re- 
mainder, or modular, arithmetic. 

Consider the set of whole num- 
bers 0, 16°92) 3, .->.. supposes we 
imagine dividing each whole num- 
ber by 12 and consider the remain- 
ders for each of these divisions. 
The set of whole numbers which 
give remainder 0 when divided by 
12 (denoted by R,) is 


Ry = 0, 12, 24, 36, 48,... 


The set of whole numbers which 
give remainder 1 when divided by 
tas 


T321A 


R, = 1713, 25)372499 ) = 


Since there are exactly 12 different 
remainders possible when dividing 
by 12, we get 12 disjoint remainder 
classes: 


Ro, Ri, Ro, R;, DR Ru 


Now, using only the 12 remainders 
0,1, 2; 3,4, 5, 6373-8; 9310} bie 
can define the operation of addition 
on these numbers as follows. 


The sum of any two of the re- 
mainders is the remainder when 
the ordinary sum of the numbers 
is divided by 12. 


Thus, in clock arithmetic, 6 + 8 = 2 
because the remainder when the 
ordinary sum of 6 and 8 is divided 
by 12 is 2. It can be shown that 
when addition is defined in this 
manner, the system is closed, ad- 
dition is associative and commuta- 
tive, and 0 is the identity element. 
Subtraction can be defined as the 
inverse of addition. It is also pos- 
sible to define multiplication and 
show that it is quite similar to ordi- 
nary multiplication. By using divi- 
sors other than 12, other clock- 
arithmetic systems can be con- 
structed. 

Remainder arithmetic can be 
easily demonstrated by means of 
clock faces. In “twelve-clock” 
arithmetic, the face is the usual 
clock face with 12 replaced by 0. 
If it is 5 o’clock now, 9 hours later 
it will be 2 o’clock, and we write: 
5+9=2. 





If we use a “four clock’’ we can 
reason that if it is 3 o’clock now, 


then 2 hours from now it will be 
1 o’clock, and we write: 3+ 2= 1. 


Subtraction can be thought of as 
hours before a given time. 


Teaching the Chapter 


Materials 

Cardboard 

Colored chalk 

Overhead projector (if available) 
and transparencies with two 
clock faces (as shown below) 

Paper fasteners 

Paper plates 

Two large cardboard clocks, with 
a single hand, labelled as shown 





Vocabulary 


clock arithmetic 
modular system 

Large cardboard clocks, made 
by capable children, will be helpful 
models for demonstrating the oper- 
ations in the modular systems. 
Individual clocks which you or 
the children can make from pa- 
per plates, with cardboard hands 
fastened on by brass paper fast- 
eners, may create additional inter- 
est and will help those who are 
having trouble understanding the 
operations in modular systems. 

The term modular arithmetic 
need not be used with all the class. 








More capable children who wish 
to pursue the subject in greater 
depth should be aware that modu- 
lar arithmetic may also be called 
remainder arithmetic as well as 
clock arithmetic. A few helpful ref- 
erences are listed in the Books to 
Explore section in the appendix of 
the children’s text (pages A30- 
A32). 


Lesson Schedule 


Though these lessons are designed 
to take a little more than a week, 
modify your plans according to the 
interest of your class and the time 
left in your school year. You may 
wish to rearrange the material so 
that the final tests are given 
before the modular systems are 
introduced. 


Evaluation of Progress 


Since the purpose of these pages 
is to create interest and stimulate 


exploration into finite mathematical 
systems, no formal evaluation is 
necessary. The chapter review on 
pages 328 and 329 is included to 
give you insight into the children’s 
understanding of basic operations 
and principles for whole numbers 
and their ability to check these 
ideas out for application to the 
clock systems. However, children 
are not expected to master modular 
systems simply on the basis of this 
brief introduction. 

The Keeping in Touch lesson 
on pages 330-332 can be used 
as a year-end test. The lesson is 
designed to cover, at least to some 
extent, all the topics from the book. 
You may choose to have the chil- 
dren work on this test over two 
classroom periods, for it requires 
a considerable amount of work. The 
problems on page 332 give children 
an opportunity to review word- 
problem interpretation skills. 


Resources for Active Learning 
GENERAL ACTIVITIES 


A Cloudburst, Vol. 2, Nos. 5543- 
5563, Midwest Publications 

Nuffield Project: Shape and Size 3, 
“Patterns on Circles,” pp. 11- 
18, Wiley [Clock patterns | 

Nuffield Project: Computation and 
Structure 2, ““Time,” pp. 82-90; 
Computation and Structure 4, 
“Modular Arithmetic,” pp. 13- 
21; Problems—Green Set, No. 
15, Wiley — 

Teaching Aids for Elementary 
Mathematics, “Clock Arithme- 
tic,” pp. 62-63; pp. 66-67, Holt, 
Rinehart and Winston 


COMMERCIAL GAMES 


Operational Systems Games— 
clock arithmetic (McGraw-Hill 
Ryerson) 

TUF (Creative Publications; Cui- 
senaire Co.; TUF) 
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PAGES 322-323 
Objective 

Given simple addition equations 
in “clock arithmetic,” the child will 
be able to find the answer in “clock 
arithmetic.” 


fem A New Mathematical System 


@ Are there other kinds of arithmetic? 








Investigating the Ideas 


Preparation 

Since this investigation introduces 
an entirely new kind of arithmetic, 
it would be best to have the chil- 
dren begin immediately to study 
the investigation. The only previ- 
ous understanding necessary is the 
use of the number line. If you think 
it necessary, you might review 
briefly the way the number line is 
used to show addition. 


Here is an ‘‘ordinary”’ number line showing the sum of 7 and 6. 


Jump 7 Jump 6 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 


7+6=13 


Here is a ‘number circle” 
showing the “sum” 
of 7 and 6. 


7+6=1 





Investigation 

The children may need to study 
the examples in the investigation 
very carefully before they will be 


Jump 6 
Jump 7 


Can you use this number circle to write Equations will vary. 


See Investigation. 


some other strange-looking equations ? 


able to write other equations using 
the number circle. If some children 
seem to be having difficulty, ask 
them to show 5 +4 on the number 
circle. Then ask them to show 
3+ 8. or 5-+-.9*on*the number cir- 
cle. Repeat your questioning, first 
using sums less than 12 and then 
using a sum greater than twelve. In 
this manner, the children should 
begin to realize that they can sim- 
ply count around the circle and 
read off the answer from their land- 
ing position. 

If some children grasp the use of 
the number circle quickly, you 
might challenge them to solve a 
more difficult equation, such as 7 + 
eer oordi2 + 4-+ fl. 


EDs 


322 





Discussion 

Discussion exercise 1 is intended 
to help children relate the number 
circle they used in the investigation 


to their ordinary use of a clock. As 


you work through exercises 1 and 
2, point out how we think about 
time in hours. For example, six 
hours after 7 o’clock is 1 o’clock. 
You might find it -helpful to use a 
large cardboard model of a clock 
on which there is one hand that 
can rotate around the clock. If you 
use a cardboard hand attached 
firmly to the face of the clock with 
a pronged paper-fastener, it should 
remain stationary at the various 
positions in which it is set. Have 





Discussing the Ideas 


1. If the O is replaced by a 12, arithmetic on the number circle 


above is called ‘‘clock arithmetic.” Can you explain why ? 
See Discussion. 
2. Explain why 7 + 6 = 1 in clock arithmetic. see Discussion. 


the children use the clock to show 
several of the equations they wrote 
in the investigation. 

For discussion exercise 3, chil- 
dren should observe that 6 hours 
after 9 o’clock is 3 o’clock and 6 
hours before 9 o’clock is 3 o’clock. 
You might have the children add 
and subtract 6 from other numbers 
to prompt the generalization that in 
clock arithmetic the same result is 
obtained by adding six or by sub- 
tracting six from a given number. 

For exercise 4, the children 
should discover that, so long as the 
addends in a given equation in reg- 
ular arithmetic are clock-arithmetic 
numbers with a sum less than or 


3. Bill wrote “9 + 6 = 3” on his paper. Jane said, “You made a 
mistake in your clock arithmetic. You must have meant to write 
9 — 6 = 3.” Was Bill's equation correct in clock arithmetic ? 
See Discussion. 

4. Give an equation that is correct in both clock arithmetic 


and the arithmetic we usually study. Sample answer: 3+4=7 
(Any sum less than or equal to 12.) _ ; 
5. Explain why 9 + 12 = 9 inclock arithmetic. see piscussion. 














Follow-up 

Suggest to the children that they 
make an addition table to show 
sums in clock arithmetic. If they 
cannot make a large table, encour- 
age them to vary the numbers they 
put on their table so they will not 
all be the same. 


Using the Ideas 


Jane does her clock problems by 

thinking about a clock with only one hand. 
Bill does his by counting to 

12 and then starting over again: 


Pee ouo, 0, 7,0,9, 10; 11,12, 1, 2,3, -... 











See if you can do these clock problems. 


1. Tell what time it will be 











A 4hours after 9 o'clock. Jo'’clock «& 6hours after9o aoe 
Bp 2 hours after 11 o'clock. \o'clock « 5 hours after 70 ‘clock. 
ec 8 hours after 8 o’clock.4o’clock 4 7 hours after50 mole 
p 3 hours after 4 o'clock. 7o'clockK 14 12 hours after3 0 ‘cipces 
e 9 hours after 6 o'clock. 3 o'clock y 2 hours after 12 o'clock. 


2. Write clock equations for each part of exercise 1. 
For example, for exercise 1a the equation is 9 + 4 = 1. 
B ll+2=1; C8+8=4; D 4+3=7; E6+9=3; F9+6=35G714+5=12; H547=12; 
3. In “regular’’ arithmetic, the sum of a number and zero wanes = 35 
is that number. Which clock number acts like zero ?|2 
Write two addition equations using this clock number. 
Sample equations: 8+12=8; \2+4=4 
4. Bill gave this ee to his father: 




















He said, ‘You have to put the same clock number in each box.” 
Can you find this clock number ?: |2 








5. Solve these clock equations. Remember that 
you are working with clock numbers. 




















aA6+7=Vv\ F6+10=a 4 kK 8=6+c¢2 
B5+7=Ss 2 «6 10+6=f 4 L.2=9+q75 
c9+9=Tt 6 H 9+ (4+6)=y7 mM8+12=kKeg 
acer Eee Be Sata: se ae: Resources for Active Learning 
a age es pss tae Applied Mathematics Cards, 
323 “Time ...,’’ Group 1/15, 16, 18, 
19, Schofield and Sims. (Available 
from Mafex Associates, Willow- 
equal to 12, then the clock-arith- | Using the Exercises’ dale) 
metic equation will be the same. Have the children do the exercises 
For example: on page 323 independently or in Workbook, page 109 


groups of two or three. When they 
have finished, check and discuss 
their solutions. In exercise 2, be 
Exercise 5 points out that, in sure that the children see the rela- 
clock arithmetic, adding 12 is the tionship between the equations that 
same as adding 0 in regular arith- are written and the part of exercise 
metic. 1 to which they apply. Allow the 
children considerable freedom in 
discussing the solutions to exer- 

cise 5. 


Regular arithmetic: 5 + 6= 11 
Clock arithmetic: 5+ 6= 11 


Assignments (page 323) 
Minimum: 1, oral; 2-3. 
Average: 1, oral; 2-4, SA-E. 
Maximum: 1-5. 
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PAGES 324-325 
Objective 

Given subtraction and multipli- 
cation problems in clock arithme- 
tic, the child will be able to write 
and solve an equation for each. 


Preparation 

To prepare for this lesson, you 
might show the number-line equa- 
tion from the previous lesson and 
use it to remind children of the re- 
lation between addition and sub- 
traction. Stress how subtraction 
“undoes”’ addition and how on the 
number line this is shown by mov- 
ing to the left. 


Investigation 

Suggest to the children that they 
draw a clock to use in this investi- 
gation. Allow them to work to- 
gether in trying to figure out what 
subtraction means in clock arith- 
metic. 

If some children have difficulty 
in finding the missing number in 
the table, you might write the facts 
from the function table in equation 
form: 2—?= 10; 3—?=11;.1- 
Y= 9° 18 — 7=—.4:4- 7 = 12. You 
might also point out how subtrac- 
tion “undoes” addition. If some 
children still cannot complete the 
rule (subtract 4), write some of the 
related addition equations: 10+ 
4=2;11+4=3;9+4=1. 

The function tables which the 
children make may be based on 
either addition or subtraction. Chal- 
lenge children who complete a 
function table to make up not just 
another function table but one re- 
lated to their first table, to show 
how addition and subtraction are 
related. 
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Discussion 
The children’s work in the inves- 
tigation should provide material for 
discussion. Have volunteers use 
the display clock to demonstrate 
their rule and examples. Help them 
realize that they can think of sub- 
traction in clock arithmetic in terms 
of counterclockwise moves around 
the face of the clock. Stress this 
point as you discuss exercise 1. It 
would also be helpful to show the 
equation 9 + 5 = 2, and use both 
equations with the clock to show 
how subtraction “undoes” addition. 
As you discuss multiplication in 
exercise 2, stress that multiplica- 
tion may be thought of as repeated 


Study this clock-number function table 
and give the missing number. 


Make up a function table for clock arithmetic 
and see if a classmate can guess your rule. 





Discussing the Ideas 


1. Use the clock to show that 


Sally’s equation is correct. 
See Discussion. ; 
2. A multiplication equation 


is given for picture a. 
Give multiplication 
equations for B and c. 





® Can other operations be performed 
in Clock arithmetic? 


Investigating the Ideas 


Function Rule 















addition. With this definition of 
multiplication, we need special def- 
initions for zero and one factors. 
We could define zero times a clock 
number as 12 times the clock num- 
ber; hence, 12 times any clock 
number is 12, and one times a clock 
number is simply that clock num- 
ber, whatever it is. It would be 
helpful to give the children multi- 
plication equations to solve by 
showing the operation on the clock. 


Subtract ||llll 4 


See 
Investigation. 







































Using the Ideas 


. Tell what time it will be (Answers for ex.2 are in parentheses below.) 


a 5 hours before 2 o’clock.9 o'clockr 4 hours be 7 o'clock. 
7-4= Zo'clock 


B 6 hours before 2 o’clock.go'cilocke 6 hours be 3 o'clock. 
-6= (3-6=9) 9 o'clock 
c 3 hours before 12 o’clock.9o'clocky 3 hours before 6 o'clock. 
(12-3=9) Co-3= Zo'clocK 
p12 hours before. 3 o'clock. o'clock 12 hours ee 5 o'clock. 
~12= (5-12=5) 5 o'clock 
e 7 hours before 4 o'clock.Joclock uy 3 hours before 3 o'clock. 
(3-35 iz o'clock 


. Write clock equations for each part of exercise 1. 
(Example: 4 2 — 5 = 9) See exercise |. 


. Remember that you are working with clock numbers as you solve 
these clock equations. Check each equation by addition. 


A2—6=—s 8 E9+9=b6 ems Seg | 
p8+5=t | F9-9=y41 3 3-—5=k 10 
c1—5=ms8 @ 12+12=n 12 K 1l-—g=112 
do9+4=n | lll Bical WP sal 7 8 EC) —"d = 67 i 


. Solve the clock equations. Use the clock face 
or repeated clock-arithmetic addition. 


mea x 2 t 1g ge Oe 12/= 1 ia inca Ded 
B 2% Die rio F8x12=a \a J7x3=C¢9 
c6x2=s 12 6 12x2=f \2 kK 2x 10=q¢8 
pm4<e5o =n 8 Hod2 ae = Y 12 Po. a2 = dis 


. Find the missing factors. More than one answer is possible 
in parts E, F, Gc, and u. 


pur x75 =sae5 efx 2 = 8 *0r 
Ee bx 3=12480r12 4 BF el ip se 


or 
9 2 


Aes S10 2 







arc =9° 3 


Sox T= 12 12 F tx6=122468 | 


10,0r \2 


Using the Exercises 

Have the children do the exercises 
on page 325 independently or with 
a partner. When they have finished, 
check their work and discuss some 
parts of each exercise: As you dis- 
cuss exercise 3, emphasize the fact 
that the easiest way to find differ- 
ences is to think about missing ad- 
dends. Exercise 5 is starred because 
nothing has been said so far about 
missing factors for clock numbers. 
However, the children should be 
able to do these by thinking about 
multiplication. Assignments (page 325) 
Minimum: 1, oral; 2-3. 
Average: 1, oral; 2-4. 
Maximum: 1-5. 





Follow-up 

For enrichment, some children may 
want to make a multiplication table 
and observe why some parts of ex- 
ercise 5 (E, F, G, and H) on page 
325 have more than one answer 
and others do not. Remember that, 
in clock arithmetic, children should 
consider only the numbers on the 
clock, that is, 1 to 12. 























Workbook, page 110 
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PAGES 326-327 
Objective 

Given a “four clock,” the child 
will be able to perform addition, 
subtraction, and multiplication op- 
erations. 


@ Are there other clock arithmetics? 





Investigating the Ideas 


Preparation 

To prepare for this lesson, you 
might review clock arithmetic by 
playing ‘““What’s My Rule.” 

Tell children that you will be 
using the ordinary ‘‘twelve clock”’ 
and you will give them the input 
and the output; they must find the 
rule. For example, under appropri- 
ately labelled columns, write the 
input and output numbers accord- 
ing to your rule and have children 
supply the output. 


3} 
] 


10 
5 


Bill and Jane made a clock 
like the one in the picture. 
Since every answer would be 
0, 1, 2, or 3, they decided 

to use only those numbers 

in their equations. 





Can you use this clock to write some clock equations ? 


Input 
fs Sample equations: 3+3=2;1-2=3 See \nvestigation. 








Discussing the Ideas 


1. Suppose Jane and Bill's 
clock had a “4” on it. 
Solve and explain each 
of these equations. See Discussion. 
A3+4=n283 c 1-—-4=s, 
B2+4=r2 dp4-4=a4 





Note that here you may be thinking 
either “subtract 4” or “add 8,” so 
both rules are acceptable. 





Investigation 

In this investigation, children must 
again study the text material and 
use it to figure out what equations 
they should write. Make sure they 
understand that they are to use only 
the digits 0, 1, 2, and 3. If a child 
does not understand what to do, 
give him sample equations to com- 
plete, such as 1+2=?(3);2+2= 
?(0);3 +2=? (1). If necessary, re- 
late adding to jumps on the clock, 
as was done with the “twelve 
clock” on page 322. 
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2. Can you explain why Jane and Bill decided to put 
a “0” in place of a “4” on their clock ? See Discussion. 


3. Make a special clock of your own and write some equations ; 
for your clock. Check your work with a classmate. Answers will vary. 





Discussion 

Have volunteers write some of 
their equations from the investiga- 
tion for all to see and have other 
children check to see whether they 
are correct. Leave these equations 
on display so that some of them can 
be compared to the equations in 
exercise |. For example, 3 +4=n 
and 3+ 0=n haye the same sum 
(n = 3); similarly, 1—4=1 and 
1—0=1; 3 X 4=0 and 3 X 0=0. 
Use exercises | and 2 to help chil- 
dren realize that just as 12 or 0 is 
the identity element for addition in 
““‘twelve-clock”’ arithmetic, 0 or 4 
is the identity element for addition 
in “four-clock” arithmetic. They 


should see that the circular pattern 
of the numbers is exactly the same 
as it was when they used the regular 
clock, except that there are only 
four numbers. 

Encourage children to use differ- 
ent clock numbers. This exercise 
might be extended as suggested in 
the follow-up section. 


Follow-up 

Suggest to the children that they 
make both an addition and a multi- 
plication table for the clock they 
choose. These might be made large 
enough to display on the bulletin 
board or elsewhere in the room. 


Using the Ideas 


Remember, this clock has only four numbers: 0, 1, 2, and 3. 


1. Tell what time it will be(Answers for ex.2are in parentheses below.) 


> 


2 hours aft after 0, 0° clock.20clock - 2 hours, after 18 o'clock. \o'clock 
= hours aft after 9 o'clock.30clock ¢ 3 hours aft after 2 o'clock. \o'clock 
1 hous aft after 4 o’clock.3o'clock n 3 hours after 3 3 o'clock. 2 o'clock 


Workbook, page 111 


iz) 


dp 1 ny after oe o’clock.Ooclock 1; 2 hours aft after, 1 o'clock. 3e'clock 
rt gd nour af after 12 o'clock.Ooc'clock y 3 Here Meds after: 0 clock. Co'clock 


2. Write clock equations 
See exerci sah \. for each part of exercise “ 


3. Tell what time it will be (Answers for ex.4 are in parentheses below.) 


> 


2 hours b before 0 o’clock.2o'clocke 1 hour before < 3 o'clock. .2oclock 


1 hour before, 0 o’clock.3o'clockr 2 hours mejcrsd o'clock. 3eclock 
3 


iz) 


2 hours before 3 o'clock. \o'clocKk g 3 hours before. 1 o'clock.2o’cloek 


p 2 hours Pelt 2 o'clock.Ooclockn 3 Pare Berard! 2 o'clock. 3e'clock 
(2-2=0) (2-3=3) 


4. Write clock equations for each part of exercise 3. 
See exercises 3. 


5. Solve these clock equations. 
fee fe — 03403 + 2 =! el =—38=—=n2v1+n=03 
Beers vOe 3SX3=f I wed+1=t0 x 3+e=0'1 
ec O-—2=d2r2-3=s3 1 0-1=6312x2=wo 


%* 6. Copy and complete the multiplication and addition tables. 





327 





Using the Exercises 

Assign the exercises on page 327 

for children to do independently or 

with a partner. Remind them that 

they are to think of a clock with 

only four numbers. When they have 

finished, allow time for checking 

papers and discussion. Although 

exercise 6 is starred, you may find 

that it would make an intriguing 

class activity. However, the faster 

children should be given a chance 

to do this exercise on their own 

prior to any class discussion. 

Exhibit the two tables on the chalk- Assignments (page 327) 
board, and have various children Minimum: 1, oral; 2-4. 
come to the front of the room and Average: 1, oral; 2-S. 

fill in the entries. Maximum: 1-6. 


Sha 





PAGES 328-329 
Objective 

The child will demonstrate his 
ability to work with the concepts 
presented in this chapter. 





1. Copy and complete each addition table for ‘’twelve-clock’’ numbers. 


Preparation 

To prepare for this lesson, you 
might review clock arithmetic by 
drawing a “four clock” on the 
chalkboard. Ask the children to 
think of an equation and then show 





a be Pees iee - 








it on the clock. 
2. Solve these equations for “‘twelve-clock”’ numbers. 
a7+6=a 1 ce} 1°4+12'="e 1 E8+6=e2 
B9+9=b6 d10+4=d2 F.124+.11-=795 
3. Find the differences of these “twelve-clock’’ numbers. 
A 8-—-J7=a\ ec 8-9=cil eE8-—11=r9 
B8—8=612 p 8—10=d |\0 F8—12=f65 
4. Find the products of these ‘‘twelve-clock” numbers. 
A4x4=a 4 o 5 5i= cr e 3x 4=e6e1]2 
B2x8=b4 oo 41.562 = "die F6x3=fO6 


5. Find two different “twelve-clock’’ numbers for n in this equation. 
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a3+2=m | 
B2+3=n | 
6-22 ip fee 
p 2x 2=,5-6 
E2+2=f.0 
F1l+3=u0 
G 2X 3y=yau2 
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6. Find the sums and products of 
these ‘’four-clock”’ numbers. 


nx 6 = 12 2,4, 6,8, 10, or 12 





“‘Four-clock”’ numbers 





Discussion 
Page 328 reviews the basic ideas 
covered in this chapter, while page 
329 presents an extension of these 
ideas. Most children would benefit 
from working through the addition 
tables in exercise 1 together. The 
multiplication equations in exer- 
cise 4 should also be worked to- 
gether with most children. You 
might even develop a multiplication 
table for ‘‘twelve-clock”’ numbers. 

The remaining exercises might 
be assigned as independent work. 
However, discuss any which the 
children find troublesome. 

The special clock in exercise 7 is 
based on the same concepts as the 


number clocks in the previous les- 
sons. Guide the children to decide 
possible meanings of the “a” and 
‘‘b” directions. For example, ‘3a’ 
could mean 3 days after, and “5b? 
could mean 5 days before. Note 
that there are two rules possible 
in part C: 2a and Sb. Also, note 
that the arrow in symbols such as 
3a and Sb does not indicate a spe- 
cific direction; it is the letter ‘‘a” 
or “b” which indicates the direction 
to be clockwise or counterclock- 
wise. 

The Think problem should be 
extremely challenging, even for the 
very able children. Expect those 
who solve it to say that the rule is 


Follow-up 

If the children previously made 
and displayed the clocks using dif- 
ferent numbers, suggest that they 
make puzzle questions to match 
them. For example, they might use 
statements similar to the following 
to match one of the clocks illus- 
aA Function Rule g_ Function Rule @ Function Rule trated below. 





7. Study this special “clock” and the function tables. Try to find 

how the function rules work. Then give the missing symbols. 
b a 

y~ NN 3a 5b MURA 2.0 oF 5b On which clock does 6 —2= 4? 


On which clock does 1 + 4= 0? 
On which clock does 9 + 3 = 2? 






Output 







Output 






Fri 

















lil Tue 
Ill Mon Ill Sun 
lll Tue Ill Mon Ill Sat 
8. Study the example. Then give the missing day. 
Example: Mon 3a Thu 
a Thu 2a lll Sat B Fri 2b Ill Weed c Sat Sa lll Thu 





Workbook, page 112 


ae 
eats 
paces 
BPA < 
9 10d 
> on 
Riga 
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“The remainder when you divide 
by 3” or “Change the number to a 
‘three-clock’ number.” Some bright 
youngsters may wish to check out 
the operations for this system, too. 
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PAGES 330-332 
Objective 

The child will demonstrate his 
ability to work with the concepts 
indicated for cumulative review. 


Preparation 

Review with the children any top- 
ics from the text with which they 
have had difficulty. Since this is the 
last cumulative review lesson in the 
text, you will want to give special 
attention to the preparation period. 
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. Give the correct sign (<, >, =). 
a 375 li 300+60+5 7 


2. Solve the equations. 
a 8x0=n O 
B 54x1=a 546 574+n=63+4+57 63 H (tx 8)+8=60 
c 96=-1=t 96 fe 0=42=r O 1 


3. Give the number for a. 
Then give the mapa! for b. 


5 
A (544+39)+78=a ~~ 54+ (39+ 78) =b !7| 
2000 





5. Ajug holds 57.75 cubic centimetres. Estimate the number 
of cubic centimetres in 8 jugs.4¢80 em? 


6. Compute the following. 











a 65 B 96 ec 83 p 47 E 307 
+37 x8 —48 x 24 —38 
102 168 35 (128 269 
ce 875 H 4987 1 3004 Jy e0S7 K 
+367 +9634 —1865 x 456 
1242 14621 1139 290472 
24 cS) 5\7 53R4 
t 7)168 m 60)540 n 9)4653 Ou6 1 jo2to 


Discussion 

Pages 330-332 may be used as a 
year-end evaluation or simply as 
review. If you use these pages as 
a year-end test, you will want to 
check the papers before having the 
exercises discussed in class. Be 
sure to give the children ample time 
to do the exercises you assign. If 
you use these pages as a review of 
the year’s work, you will probably 
wish to spend considerable time 
having the various exercises pre- 
sented on the chalkboard and ex- 
plained to the class. 


c 762 ll (7x 100)+(6x10)+5 < 
B 4793 \l||lli 4000+ 800+90+3 < pv 9685 Kl) (97 x 100) +(8x10)+5 < 


p (9x6)x5=9x(nx5) 6 6 8x9=(nx9)+(4x9) 4 


60 


56—(nx7)=0 8 


4. Give the missing numbers. 


Function Rule 


(2xn)+9 
B 50x4x10=a ~50x40=b 2000 n 
06 Output 
c (3x 30) 4 (3x2)=a wae. 3 dee Pay « Mo | ey = till 24 
p 24x9=a * b~=24=9 216 B \olllll 20 
14,150 237 
cE 50x 283=a > 49x 283=b—283 14,150 © itl 63 


Fane 
x72 
5\84 


5083 
— 2987 
096 











2 79RIA 
p 45)3569 





10. 








. a What is the greatest pemman factor of 21 and 28? 7 
B Give in lowest terms: = 
c Construct a set of 10 BAe USStlOnS that includes 33 
and the lowest-terms fraction for 53. {2 ¢ 2 12 18 18 2) 2¢ 27 30 


GOS 


20,24;2 
p Draw a number line and locate the point for $3 on the number | line. See 




















E Which fraction in the set of BaGuGns equivalent to $3 would ey 
you use if you wanted to add 53 to? 2 0 
as aa es 2. 28 
. Find the sums and differences. ie ep haga, ** 
a 3 Bp 4 ony dp 28 —e 83 F 372 
sé +63 —% +34 45 + 48% 
& lot amt 5&or 5% 3s 862 or 86% 
G i+ iE Bl aitea tori 1. 52 + Gt te » 8-64 2% 
or25 
. Find the sums and differences. 
aA 0.8 B 0.28 c 5.46 pd 8.43 E 93.675 
+0.4 +0.56 +2.97 —2.76 +4869 
t2 0.84 843 5.07 98.544 
F 67.07 —0.34 «oe 9.687+ 8.34 un 056+53 1 4684 —0.89 
66.73 18.027 5.86 3.7194 


Solve the problems. 

a Spelling scores: 84, 95, 88, 97. 
Average score? 9 

B 75kilometres per hour. Drive 13 
hours. How many kilometres ?975 km 

ec Height on birthday: 88.5 cm. 
Height next birthday: 91.25 cm. 
How much taller ?2-75 em 

p Travel 513 kilometres in 9 hours. 

How many kilometres per hour ?57 km/h 


—E Find the perimeter. 28.41 em 





12.47cm 








Follow-up 
Children might enjoy decoding the 
following message: 


Code 











Explain that, if they match the let- 
ters of the code to the answers for 
these problems in the given order, 
they will decode the message: En- 
joy your vacation. (Answers for 
the problems are shown for your 
convenience.) 




















53 9. 18.24 
aul = FNS 
(583) (10.68) 
DerIORS) 
10% 86 4-34007 
7) 537 = (3512) 
3. 469 
+934 11. ao X $= (7) 
BO UEE 12. #x¢=# 
4. 906 = (3) 
— 469 
(437) 1s 4x += (7) 
5. 467 14. + 
x 94 +42 
(43,898) (92) 
6. 934 , 
15. 94 
x 47 — 42 
43,898 
ans (4}) 
oho es 
a i be 16. 2309 
(437) i872 
(437) 
8. 1608 
— 567 (76 R5) 
(1041) 17. 12) 917 
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(See pages 330-331 for teaching 
suggestions for this page.) 





Add, Subtract, Multiply or Divide’? 


No numbers are given in these short story problems. Use A, S, M, or D 
to tell which operation (Addition, Subtraction, Multiplication, or 
Division) you would use to solve each problem. 


im 2 NSS ~ . 





| Bicycling: Rode lll km. Pushed Ill km. How far in all ? A 


5, 


@) Hiking: Walked and ran lilllkm. 
~wam Ran only Ill km. Walked how far? $S 





lll packages of notebook paper. 


Bought |jll candy bars for [ll cents. “pili sheets in each package. 
How much for one candy bar ? D ow many sheets ace 


coed = 


a ee 









of paper in all? 


— = 


a John had ||| marbles, Bill had |jlll marbles, 
GS and Mike had ||| marbles. How many marbles all together ?A ] 


Illll rocks in each box. Dorothy bought ||| stamps. 
Illll rocks in all. Paid |lll| cents for each stamp. 
How many boxes of rocks 2D How much money did Dorothy spend ?m 


Bought a bicycle for ||. 
Sold it for |llll. Drove lllll km. 
Used lll litres of gas. 


re Drove how many km 
* Given four different test grades. on 1 litre of gas? D 
ih 


: What is the average test score ?A,D 


Sold it for how much less ?s 


(Hint: May use more than one operation.) 
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D2. 


constructed as follows: connect the 
second dot from the left on the top 
row with the dot that is found by 
going over one to the right and 
down three. This segment is the 
hypotenuse of two different right 
triangles. The other segment that 
is the hypotenuse of two different 
right triangles can be found as fol- 
lows: connect the second dot from 
the left on the top row with the dot 
that is two over to the right and 
down four. (See illustrations below.) 





You should not expect the children 
to find all 14 different right trian- 
gles; simply encourage them to find 
as many as they can. 


ACTIVITY CARD 1 


Every right triangle has an area that 
is half of some square or rectangle. 


is 1, so 
IS(Sire ats, 


The area of square 
the area of triangle 


is 2,so 
ismeee ze 


The area of rectangle 
the area of triangle 


How many right triangles of different sizes can you find on the 
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Activity Card 1 
The object of this card is to en- 
courage children to find the area of 
right triangles by thinking about 
half the area of the corresponding 
square or rectangle. There are 14 
possible right triangles that can be 
formed on the 5 X 5 geoboard. The 
figure at the right illustrates the 
14 different segments that can be 
formed ona 5 X 5 geoboard. Except 
for the segment that is exactly one 
unit long and the segment that is 
three units long, each of these seg- 
ments can be the hypotenuse of a 
right triangle. This gives them 12 
possible right triangles using these 


geoboard and draw on dot paper ? What is the area of each ? 








segments. Since 2 of the segments 
will yield two different right tri- 
angles, the total of possible right 
triangles is 14. The segments which 
can be the hypotenuse of two dif- 
ferent right triangles are the ones 
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Activity Card 2 

This card provides the child with 
an opportunity to find all possible 
squares that can be formed on a 
5 x5 geoboard and to compute 
their areas. The questions are in- 
tended to lead the child to see how 
he can find the area of some of the 
squares by piecing together smaller 
figures of known area. For instance, 
each triangle has area | because 
each is + of a rectangle of area 2; 
and, since the area of E is 1, the 
area of the large square is 5. Of the 
areas suggested in the last question, 
all are possible except squares of 
areas 3, 6, and 7. Squares of the 
less-obvious areas (2, 8, 10) can 
be formed as shown below. 





Activity Card 3 

This card involves some painstak- 
ing investigation by the child. The 
child has first to establish a drip- 
ping faucet and then find the amount 
of time it takes for this faucet 
to fill a given-size container. Of 
course, this can be done in a wide 
variety of ways, depending upon 
the methods used for timing and the 
size of the container used to catch 
the drops of water. Following this, 
then, the child must expand his data 
to include the time element of a 
year and find out the cost of water 
in his local community. Certainly, 
a considerable amount of thought 
and creativity are involved if the 
child is to perform this investiga- 
tion card on his own. You may find 
it necessary to give some guidance 
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ACTIMIY CARD 2 


What is the area ofa? B? Cc? D? E? 
few at [peal | 


What is the area of the large square? 5 


Can you find on the geoboard and draw on dot paper a square 
with area 1? 2? 32) 4? 5?) 627? S2e9re107s162 
(All but three of these are possible.) 


ACTIVITY CARD 3 


It might surprise you to find out how much 
water is wasted by a dripping faucet. 


Turn on a faucet just enough so that it drips. 
Can you find how much water (and money) 
would be wasted by the dripping faucet 

in a year? 





and hints concerning methods of 
procedure to some of the children. 
You should, however, encourage 
as much original and creative work 
as possible on this type of card. 





ACTIVIY Chno 4 


How fast do you 


> walk? 
> run? 
> ride a bicycle? 
100 metres 
Try figuring out at least one of these. 
(It will help if you measure off a 100-metre 
track or perhaps use a school track, 
which may be about 400 metres.) 


ACTIVINY CARD § 


Cut out figures from a 
sheet of cardboard so 
the holes look like this. 


Mark an F on the front 
and a B on the back of 
each cutout figure. 


In how many different 
ways Can you put each 
figure back into its hole ? 


(Draw a picture to show the 
different ways for each.) 
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Activity Card 4 

Like card 3, this card calls for a 
considerable amount of creativity 
and inventiveness on the part of the 
child. First, the child has to lay 
out some type of track of known 
measure. Of course, the easiest 
thing to do is to use a school track, 
or a hundred-metre track, as sug- 
gested on the card. Then, a fairly 
accurate timing device must be 
found, so that the child can time 
whatever event interests him. De- 
pending upon the children’s ability 
to work with fractions and decimals, 
you may want to suggest the possi- 
bility of rounding the numbers and 
using estimation for a considerable 
amount of the arithmetic. 


Activity Card 5 

This card involves working with 
two kinds of symmetry. One is the 
familiar line of symmetry, and the 
other is symmetry involving rota- 
tion. For example, in the equilateral 
triangle there are three different 
lines of symmetry, that is, three 
different ways the triangle could be 
folded so that the halves would 
exactly match. There are three pos- 
sible rotations of the triangle that 
make it possible to put the triangle 
back into its hole. These three rota- 
tions can be made with either the 
front or the back facing upward; 
hence, there are six possible ways 
the equilateral triangle can be put 
back into the hole. You should 
caution the children to mark each 
of the figures with an F on the front 
and a B on the back so that they 
can identify the different ways they 
find to put the figure back into its 
hole. This is a fairly long card for 
the children to work with, so you 
may want to encourage them to 
take their time and spread the work 
out over several days. Also, it 
would be helpful if you would en- 
courage the children to make a 
table including the names of the 
figures and pictures to show the 
different ways the figures can be 
placed back into the holes. Of 
course, you should be aware that 
in recording the results of this in- 
vestigation the children may have 
some difficulty in drawing the pic- 
tures accurately and may not find 
all of the possibilities. The an- 
swers for the various figures are 
as follows: equilateral triangle, 6; 
square, 8; rhombus, 4; rectangle, 4; 
parallelogram, 2; isosceles triangle, 
2; isosceles trapezoid, 2; scalene 
triangle, 1. 


Ba 
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Activity Card 6 

This card involves logical reason- 
ing with emphasis on the words 
and, or, and not. The chart below 
indicates the answers for this inves- 
tigation. (Here the red ring is rep- 
resented by dashed lines.) Notice 


czy in neither 

y dar 
but not (S; ar woud tls) Ge) 
Pa 
















io Bhs sith ts don QDnobt 
or Ge) but not oe) 
: : ‘ ; : 


GIF 
that only F and E are in both the 
red and the black ring; that is, use 
of the word and in this instance 
indicates that the letters must sat- 
isfy both conditions at the same 
time. Note also that when the word 
or is used, this indicates that the 
letters must satisfy only one con- 
dition. Therefore, all of the letters 
except A and H are inside the red 
ring or the black ring. 

As an extension of this activity, 
you might suggest that the children 
draw three rings intersecting as 
in the accompanying figure. Then 
they should place letters in various 
positions and describe the location 
of various letters in relation to the 
three different rings. 
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ACTNIY CARD 6 


Make a chart like 


the one below and 


see how many of the 
letters you can fill in. 


ACTIVITY CA 7 


Each of these 
is a ‘‘Polygoon.” 


= 6 


fale> 


None of these 
is a’ Polygoon.” 


Cate 
—a [LE 


ARCS 


Can you draw some ‘‘Polygoons” of your own ? 


Activity Card 7 

This investigation involves logic 
and reasoning and the child’s ability 
to discern various properties that a 
given figure has or does not have. 
For example, the child must look 
at the various pictures of a ‘‘Poly- 
goon” and the various pictures of 
figures that are not ‘‘Polygoons”’ 
in order to distinguish what unique 
combination of properties distin- 
guishes a ‘‘Polygoon.’’ Once the 
child has been given an opportunity 
to arrive at the conclusions about 
what a “Polygoon” is, he is asked 
to identify various ‘“Polygoons’”’ 
and draw some of his own. The 
properties of a ““Polygoon”’ are as 


follows: it is a closed figure; it is 
made up of line segments; it has 
exactly two dots in its interior. 
Therefore, figures A, E, and H are 
polygoons. B is not a polygoon be- 
cause it has one curved side; C has 
just one dot; D has an exterior line 
segment;. F is not closed; and G 
contains four dots. 


Which of these 
isa 4" ? 


ae 





through E as the basic core and 
placing triangle F on one side and 
triangle G on the other side. The 
parallelogram and the trapezoid can 
be formed by using the triangle 
formed by pieces A through E as 
the basic core and by appropriately 
placing the triangles F and G. Many 
other interesting figures can be 
formed by various placements of 
tangram pieces. You should en- 
courage children to form and draw 
pictures of some of the various fig- 
ures they construct. 


ACTIVINY CARD 8 


Draw a 8-cm square and cut it into 7 
tangram pieces as shown. (MV and V 
are the middle points of the sides.) 


Can you place all 7 pieces together 
to forma triangle? a rectangle? 

a parallelogram ? a trapezoid ? 
another interesting figure ? 


(Draw a picture to show 
how you made each figure.) 


Activity Card 9 

Children should be encouraged to 
solve the three puzzles given on the 
card, and they should be given 
considerable freedom in developing 
additional cards for use with the 
tangram pieces. You might empha- 
size for the children that they are 
to use all seven of the tangram 
pieces for each of the patterns 
given. It would also be most helpful 


ACIVINY CARD 9 


Can you make a set of at least ten puzzle cards 
to use with the tangram pieces ? 


Here are three samples. Each card contains an exact outline 
of a figure that can be made by using all seven tangram pieces. 
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Activity Card 8 

Several books have been written 
about tangrams, and many interest- 
ing figures (including all the letters 
of the alphabet) have been made 
with the tangram pieces. (For fur- 
ther work with tangrams, see the 
set of tangram cards produced by 
the Elementary Science Study pub- 
lished by the Webster Division of 
the McGraw-Hill Book Company.) 
To make their tangram pieces, the 
children should use a square of 
heavy paper or cardboard no small- 
er than 8 by 8 centimetres. In this 
way, the pieces will be much sim- 
pler to work with. Accuracy of the 


tangram pieces must be closely con- 
trolled and this could best be accom- 
plished by dittoing the tangram 
pattern and passing it out to the 
children to use for constructing their 
pieces. Notice that construction of 
the tangram pieces involves finding 
midpoints and right angles. The fig- 
ures mentioned on the card can eas- 
ily be made by simply starting with 
the original square and moving only 
a few pieces. For example, the large 
triangle can be made by moving the 
triangle formed by pieces F and G 
and placing it beside the triangle 
formed with pieces A through E. 
The rectangle can be made by using 
the triangle formed by pieces A 


for the children if you were to actu- 
ally ditto the three patterns given 
on the card so that the pattern will 
be the actual size for the tangram 
pieces that they have. Making the 
other seven puzzle cards could well 
become a group project with the 
children deciding together the shape 
of puzzle to make out of the tan- 
gram pieces. 

Some references for additional 
work with tangram pieces follow: 
1. The Tangram Work Cards (Ed- 

ucational Aids Division of In- 

victa Plastic, Leicester, Eng- 
land) 

2. Tangram Puzzle, An Associated 
Book on Tangrams (Selective 
Educational Equipment Co.) 

3. Set of Tangram Cards, Elemen- 
tary Science Study (Webster 
Division of McGraw-Hill 
Ryerson) 


pie | 
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Activity Card 10 

This activity provides experi- 
ences with area, conservation of 
area, and congruence of geometric 
figures. 

The area of each tangram piece 
can be found by covering each re- 
gion of unknown area with regions 
of known area. For example, the 
area of square B is 2 square units 
because two of the triangle A re- 
gions will exactly cover the square. 
In other words, a region congruent 
to the square can be constructed 
from 2 of the small triangular re- 
gions. Thus, the areas the children 
should find are as follows: 


Square B: 2 square units 

Right triangle C: 2 square units 
Parallelogram E: 2 square units 
Right triangle G: 4 square units 


Several extensions of this activ- 

ity might be suggested: 

1. Find the area of each region 
when square B is the unit. 

2. Find the area of each region 
when right triangle G is the unit. 

3. Find the area of each region 
when right triangle C is the unit. 

4. Find the area of each region 
when the total area of the 7 tan- 
gram pieces is | square unit. 


Activity Card 11 

This card is designed as an open- 
ended experience for the children. 
They should be encouraged to 
search for unique things to measure 
about themselves. Some things not 
mentioned on the card would be 
breathing rate, comparisons of such 
things as their waist measurement 
and their neck measurement, or 
their height as compared to their 
arm span. Their lung capacity can 
be measureed by blowing into a 
plastic bag or blowing up a large 
balloon. Other measurements could 
be shoe size, arm length, span length 
(span means length from the tip 
of the little finger to the tip of 
the thumb when the hand is out- 
stretched), or cubit length (length 
from the tip of the elbow to the tip 
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ACTIVITY CARD 10 


The area of 
tangram piece a 
is 1 square unit. 


Can you find the area of 
these other tangram pieces ? 
(Use the tangram pieces 
you made in Activity 8.) 


ACTIVITY CARD 11 


In how many different ways 
can you measure yourself ? 


Make as many different measurements of 
you as you can and make a chart to show the 
information. Here are just a few suggestions: 


Pulse 

Height 
Weight 

Arm span 
Grip strength 


of the fingers). This investigation 
could grow into a year-long study 
of the changes that take place in 
the children. If they would keep an 
accurate chart recording a number 
of these measurements, they could 
fill in the chart at various times of 
the year, observing the changes in 
themselves. 


Length of step 

Number of calories used 
Area of bottom of foot 
Distance you can jump 








ACTIVITY CARD 12 


Write the letters R, E, and A 
on cards and put them in a hat. 
Draw them out of the hat. 


Can you list all the ways you could 
draw them out ? There are 6 ways. 


1st 2nd 3rd 


Onewayis HE BA. 


How many of these will form words ? 


Is it very likely that you will get a word on any one drawing ? 


ACTIVI CARD 13 


Figure 4 is a 4-sided polygon 
(quadrilateral) without ‘’dents.”’ 


Figure a is a 6-sided polygon 
(hexagon) with one “dent.” 


Can you find on the geoboard and draw 
on dot paper a polygon (without ‘‘dents’’) 
that has 5 sides? 6 sides? 7 sides? 

8 sides ? more than 8 sides ? 


(If you can, give the name of each polygon you find.) 
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This card concerns the idea of the as a word. 
total number of permutations for 3 
objects. As is noted on the card, the 
number for 3 objects is 6, since if 
one begins by drawing an R, there 
are two possible ways to draw the 
other two letters; if one begins by 
drawing an E, there are two possi- 
ble ways for the other two letters to 
be drawn; and, finally, if one be- 
gins by drawing an A, there are two 
possible ways for drawing the other 
two letters. Hence, there are a total 
of six possible arrangements of the 
letters R, E,and A. There are either 
three (are, era, ear) or four words 





formed, depending upon whether 
Activity Card 12 you wish to consider the name Rae 


Activity Card 13 

This card provides an opportunity 
for the children to explore polygons 
of 5, 6, 7, and 8 sides using the 
geoboard. You might choose to tell 
your children about concave and 
convex polygons, and even possi- 
bly give a carefully stated defini- 
tion. However, for the purpose of 
this activity, it will suffice simply 
to say that a concave polygon is 
one with a dent, and a convex poly- 
gon has no dents. In the picture 
given on the activity card, polygon 
A is convex and polygon B is con- 
cave. You should encourage your 
children to use a reference book to 
find names of each of the polygons 
of 5, 6, 7, and 8 sides. These names 
are, respectively: pentagon, hexa- 
gon, heptagon, and octagon. 
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Activity Card 14 

This card presents a jigsaw-puzzle 
approach to the concept of area. 
Given sufficient time, most children 
will succeed in arranging the rec- 
tangles so that they form a square. 
The solution is shown below. 


Since the total area of the rec- 
tangles is 121 square units, the 
square that they form must have 
sides of 11 units length. Most chil- 
dren, however, will not analyze the 
puzzle in this manner; their solu- 
tion will much more likely be the 
result of trial and error. 


Activity Card 15 

Each shape formed from 5 squares 
is called a pentominoe. With the 
restriction that each square in a 
pentominoe must share at least one 
full side with another square, there 
are exactly 12 different pentomi- 
noes, as shown below. 


FP BB cf 
PH of 


aahg Sees 
Ae 
HA 
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ACTIVIY CAno 14 


From 1-centimetre graph paper cut five 
rectangles with these dimensions: 


3 by 9 centimetres 
5 by 8 centimetres 


A 
B 
c 4by 7 centimetres 
D 


10 by 2 centimetres 
E 1 by 6 centimetres 


Can you arrange the rectangles so that they form a square ? 


ACTIVITY CARD 15 


Cut out 5 square regions from cardboard. 


How many different shapes 
can you form by placing 
the sides of the squares 


together, like this ? 


© 


Show your different shapes on graph paper. 


Many children may not be able 
to find all 12 of the pentominoes, 
but they will enjoy the challenge of 
trying to find as many as they can. 
Care should be taken that each pen- 
tominoe is really distinct rather 
than simply a flip or a rotation of 
the same pentominoe. For example, 
the figures below are not really dif- 
ferent; each is simply a rotation or 
flip of the same pentominoe. After 


cH 
Hog 





having found the 12 different pen- 
tominoes, some children might like 
to try to fit all 12 together to forma 
6X 10 unit or a 4X 15 unit rectan- 
gle. This is difficult, but many chil- 
dren will enjoy trying it. 


ACTIVIY CARD 16 


AM iy 
<S 


Sy 
> 
a SS) ‘dana 


Here is a toy train problem. 


Engine E can push or pull cars a and B. 
The engine can go through the tunnel but the cars cannot. 


Can you reverse the positions of a and B and put engine E 
back in its starting position ? 


Tracing paper 











Someone placed tracing paper over this grid and drew 
along some of the lines to make a box. 


Can you use tracing paper and the grid to draw a box ? 
a dog house? stairsteps ? other interesting figures ? 
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Activity Card 16 

In order to solve the problem pre- 
sented by this card, the children 
should make a drawing of the track 
and tunnel, and use blocks or other 
movable objects to represent en- 
gine E and cars A and B. The steps 
required in order to reverse A and 
B and return E to its original posi- 
tion are as follows. 








ae ae ea fA | 
Aa riser 














Activity Card 17 
This card uses isometric paper to 
provide a vehicle by which the child 
can make three-dimensional draw- 
ings. The object of the card is to 
provide an opportunity for experi- 
mentation and to help the children 
visualize three-dimensional figures 
drawn on two-dimensional paper. 
Some of the children should be 
encouraged to draw three-dimen- 
sional figures without the use of the 
grid. Also, some of the children 
may choose to make a larger grid in 
order to construct larger three- 
dimensional figures. You should 
observe with your children that the 
grid is made by piecing together 
equilateral triangles. 
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For use with page 23 


Solve the equations. 


1. 6385 = 6000 + n+ 80 + 5 300 
2. 7082 = m+ 80 + 2 7000 

3. 3490 = 3000 + 400 + y 90 

4. 7233 = 7000 + v + 30 + 3 200 
5. 4106 = 4000 + 100 + 66 

6. 1087 = t + 80+ 7 1000 

7. 2194 = 2000 + p + 90 + 4 100 
8. 8183 = 8000 + 100 + s+ 380 
9. 9007 = 9000 + n7 


Pt a 9 ‘peme 2) 
Reflected answers, Set 1: J) 900 j 


For use with page 25 


5° \000 ° 


. 6911 =/ + 900 + 10 + 16000 
. 2613 = 2000 + 600 + m+ 3 !0 


7508 = 7000 + 500+ 68 


. 9069 = 9000 +n+9 80 


8650 = 8000 + 600 + s 50 


- 2930= f +900 + 30 2000 

- 3057,— 3000 + 7.4 / 50 

. 2873 = 2000 + n+ 70 + 3 800 
. 6704 = 6000 + y + 4 700 


3° 30° 10° 000 © 


For the numeral 948 306 125, tell what digit is in each of these places. 


1. hundreds’ | 4. hundred millions’ 9 
2. millions’ 8 5. ten thousands’ O 
3. ones’ 5 6. ten millions’ 4 


7. hundred thousands’ 3 


8. tens’ 2 
9. thousands’ © 


Use the numeral 607 854 932 to answer each exercise below. 


10. 8is inthe _ ? place. hundred thousands’ 


11. 3isinthe _?__ place. tens’ 
12. Oisin the __?__ place. ten millions’ 
13. 7isinthe _ ?__ place. millions’ 


14. Yisinthe__?_ place. hundreds’ 


are hundred 
?, mae ‘ 
15. 6 isin the —_? — place. Wiwione 


16. 4 is in the _ ? __ place. thousands’ 
ee ten 
17. 5isin the _ ? __ place. thousande. 





ie pauquege, 
t 3! 


JO’ pMugieg tyonesuge, * 
Reflected answers, Set 2: ]° |— 


\ 


3° 





A-1 


For use with page 27 


For each number, write an equation as in the example. 













(Example: 7896 = 7000 + 800 + 90 + 6) 700 000 +70 000+2000 & 000 000 +700 000 + 
graven = gts : sateen area eK a Ne 720 00 +20 RNS + 200 + 50 - . a a Be A +8 
2. 5501 5. 52 438 8.396 923,309” 11, 4502 824 secneue 
5000 +500 + | 50 000 +2000+400+30° +6000+ 900 +2093 +2000 +800%zo4+a, F 
3. 7483 6. ® 9. 790 374 12. 43 227 038 
7000 + 400 +80+3 70 000 +2000 +200 70S CCC + 90 00° 40 000 000 +3 000 900 
+30 +300+70+4 +200 000+20 000 
For each number, write an equation as in the example. +1000 + 30+8 | 
[Example: 3241 = (3 x 1000) + (2 x 100) + (4 x 10) + 1] | 
13. 6984 15. 5083 17. 40 261 19. 17 
Céxioog)+ax loade(S xi2) (5X%1000)+(8x10)+3 (4X10000)+(2x100)+(6X10)+1 Cix\00 con ooo) I 
+(5 x1000 
C1 sodas OES eg ‘qhle soerecrx egg) iB x WB dogirtex 10 C00) 20. 2419 41 extol 
X100)+(2x1 + 1X 1000)+CI X100) 
2X| 000 000)+(4-%100 000) © 
Solve. Bal NE Seale 000) Rens 






+ (2x10) 
+1 


“2619 










we 


22. 1000+200+90+4=n 1294 25. (3x 1000)+(2x10)+6=t 3016 
23. (8x 100)+(3x10)+7=q 837 26. (8x1000)+(3x100)+(5x10)+2=z 8352 






EE: 
. 7 


Sy 








10° 8000000 + \00 000 + JOO + 8° Sf2o\t= ST SelO 
¥°"30'000"+"3000 = 400330 \’ 400 000 + AO 000 + 5000 + 800 + PO + 3° 
Reflected answers, Set 3: J° S000 + 300 + 20 + 8° 


For use with page 29 


Give the correct sign (< or >) for each ll 
ROS 



















206 |! 260 2 = 8. 6287’ 6587214. 437 202 i 437 220 < 




















2. 206 il 

3. 437 {427 > — 9. 4391 (|) 4319 > 15. 661 369 | 661 269 > 

4. 734 (7432 10. 26.844 (|) 26518 > 16. 9 264577 ll) 9 354.577 < 
5. 896 |) 968 < 11. 39 263'\[[[i39463< 17. 8 242 357 Kl) 8 224 357 > 
6. 519) 549< = 12. 59 393K) 59339 > 18. 8320811 Il 8 328 011< 
Reflected answers, Set 4: J° >° a WES Wee 


A-2 


| For use with page 43 


Tell which operation or operations (+, —, x, +) you would use 
to find the answer if numbers were given. 





SS BE : Sv PR UEL oo) ROUSE ain Sat, 

2. Book |\\l| pages long. 5. Had |lll| records. 

Ill pages in each chapter. Bought ||| more. 

How many chapters? + Gave away ||| 

How many records now? +,— 

3. Had |K{\ll dollars. 6. Drovellll kilometres on Monday. 

Spent ||. Illi kilometres on Tuesday. 

How much left? — Used Ill litres of gas. 


How many kilometres to one litre of gas ++, = 





Reflected answers, Set 5: J° x ° t+‘ 


For use with page 45 


Rewrite each Nae Use an operation different from the one given. 





35=+5= 7 1X5= 35 13. 11-6=5 5+6=\ 23. 1847=25 25—1=\8 


. 21-5 ='6 ore (B= q 
4.16+5=21 3/225 14. 63 +=7=9 9x7=63 24. 25-18 =7 7+18-925 
5. 7x 7=49 49+7=7 15.49 x 3 227342323 25.6x6=36 36+6=6 
6. 36 =9=4 4X9=36 LORS 7'= 1g sis 8 26. 27 ~3=9 9x3=27 

Moe = As one 17. 15=3=5 5xX3=15 27.35 + 6 = 41 41-6225 
8. 2x9=18 93392 1863 34 261 21273 5% 28. 8x 7=56 562728 

9.15-9=6 6+9=15 19. 12-8=44+8512 29. 63 — 54 =9 9+54<63 
10. 47> 28363354 pamcia 9. Sig ydoap 000. .0.x 91 45088 5 = 2 

W530 +28=+t%50+t=2° SS t X 8 = 35 

Wax g=AS IY J\-O9=8%IL\-—8=9° 

Reflected answers, Set6: J) 3 + 2 = 9° ¥ s¥+e=1t98St = —e 


A-3 





Find the missing addend in the addition equation. 
Then write the subtraction equation with the correct difference. 


1.7+9=167 3.r4+4=137) 5 94+q=14°9 
16-9=n7 1S 479 1A otg. © 


2.8+w=139 4 t+6=115 6. y+74=828 
13-8=w°?% 11-6=t5 82 —74=y8 


Find the missing factor in the multiplication equation. 
Then write the division equation with the correct quotient. 


9.xx3=124% 11.6x8=567 13.4xm=3629 


12+-3=x+t 56-~8=b/7 36 ~4= m9 
10..7xw=426 12.dx9=549 14.8xh=405 
42+>7=wé& 54-9=d6 40~8=h95 
\V2=\ 
Reflected answers, Set 7: J° = \_ 3 .\=3° pa: = ° 


| Set 7 | For use with page 57 


“Ds 28 35.7 
35 28=s 7 


8. 14+v=239 
23 —-14=v? 


15. cx 8 = 648 
64+>8=c8 


16. kx 6= 488 
48 ~6=k8 





t § | For use with page 53 


Find as many of these as you can in 1 minute. 
1 248 4.3x72l 7.7x856 10.0x00 13. 9x2 \6 


2,.7x535 5.5x945 8.4x520 11.8x432 146x424 
3 0' x30 6.4x 728 9.3x927 12. 6x 848 15.5x 525 


Find as many of these as you can in 15 minutes. 


16.16+44 19.25-55 22.36-94 25.81:99 28. 63:79 


17.16+82 20.32+468 23. 24=64 26.35+-75 29.0+90 
18. 27-39 “21. 40=-85 2445-95 27.46=26 30,6 —32Z 


1 On aie 10 2° Se Se 50% 38° 9 


Reflected answers, Set 8: J] &° Tt Sie AP Oe 102 OF 


A-4 


13° 13° 


Solve the equations. 


For use with page 57 


1. (2x9)+6=m2t 11. (4x5)+9=629 21. (7x n) +4=25 3 
(2. (4x 7)+5=k 33) 12. (7x7) +7=h56 22. (wx 4) +3=19 4 
SretGe.es) + 41f 22 1113. (6°x 9) +3 =2Z57T §23. (4x p) +5 =878 
4.(8x3)+2=c26 14. (5x 5)+4=a29 24. (3x s) +6=153 
5. (4x 9)+7=s43 15. (7x 8)4+2=v58 25. (ex1) +7=147 
6. (7 x 5) +2=d3!7 16. (6x 7)+3=r45 26. (6x m)+3=396 
7. (8x0) +3=q3 17. (8x 2)+9=u25 27. (fx 5) +6=162 
8. (2x 6)+6=1 18 18. (9x 9)+2=x83 28. (7x x) +2=379 
9. (8x5) +1=w4l 19. (6x5)+0=c30 29. (ix 6) +4= 28% 
10. (9x 7)+8=f Tl. 20. (4x3) +6=1!8. 30..(¢x 8) +1=658 
Si: t3. SR WPS | 

Reflected answers, Set9: J° Sv. bi plies 1S b pl Bibs We 1S° pe ° 


For use with page 65 


Solve the equations. 


5 x 43 = (5 x m) + (5x 3) 4° 
2 x 24 = (2 x 20) + (nx 4) 2 
6 x 14 = (e x 10) + (6x 4) © 
5 x 21 = (5 x 20) + (6 x t)! 
8 x 32 = (8 x f) + (8 x 2) 30 
18. 9 x 19 = (9 x 10) + (d x 9)9 
19. 7 x 23 = (k x 20) + (7 x 3)7 
20. 4 x 27 = (4 x p) + (4 x 7)20 
21. 6 x 48 = (6 x 40) + (6 x c)8 
22. 3 x 62 = (3 x 60) + (r x 2)3 
23. 5 x 36 = (h x 30) + (5 x 6)5 
24. 8 x 29 = (8 x x) + (8 x 9)20 


13. 
14. 
15. 
16. 
17. 


1.9x9=(6x 9) + (sx 9)3 
2-7 « 9 (5x 9) + (Fx 9) 2 
3. 8 x 8 = (6 x 8) + (6x 8)2 


aoe oe = (5-x 10)*+5(5 x g) 2 
betx 11,=.(n7 x10) +:(4 x{1)4 
Gear 16 = (6.x 10).+2(t x 6), 6 
me to to Ky (8X73) T1090 
Gey ax ol 4e= = (7x41 O) 7+ C7 X “hy * 
9. 9% 15 = (9 x 10) + (zx 5)9 
10. 4 x 18 = (d x 10) + (4 x 8)4 
ie 3x 26=— (3 x J)-+ (3'x 6)'2Z0 
ee fe ol = (seo) + (7X a) 
Wo ize 

Reflected answers, Set10: J° 2 a Yee fa, E30. 


A-5 











For use with page 89 





Find the perimeter of each figure. 





Reflected answers, Set11: J° Sv- oe h2% én: & Tals: 


For use with page 93 





Find the area of the following triangles. The base and height are given. 












6. b=30!99 7. b=20170 8. b=2277 9. b=14 10. b = 24 


vz, | 
lr=t0 Y=rt7 Tr=7 r= h=10 4 
Reflected anéwere, Seti2: J a> 38: SSO : To SEYe 2 \S 


A-6 








For use with page 99 


Give the multiple of 10 that you think should go in each ||. 

os eg Cot estimate 33 + 58, we can find the sum 30 + |||. ©© 
. To estimate 87 — 49, we can find the difference ||| - 50.90 
. To estimate 62 x 76, we can find the product 60 x< |||. 80 


2 

3 

4. To estimate 348 + 213, we can find the sum 350 + |jji|. 210 
5. To estimate 477 — 63, we can find the quotient ||| ~— 60.480 


Give the multiple of 100 that you think should go in each ||llj. 
6. To estimate 701 + 882, we can find the sum 700 + Ill. 90 


7. To estimate 261 — 172, we can find the difference |||| - 200.300 
8. To estimate 861 x 244, we can find the product 900 x< |||. 200 
9. Toestimate 778 x 419, we can find the product ||||l| x 400. 800 


10. 


Reflected answers, Set 13: 


eeo" 


e 300 


To estimate 623 — 196, we can find the quotient 600 = ||l||.200 


For use with page 107 


Find the products. 


9 <.30 270. 11.70 x 302100. (21 
2.8x 40320 12. 40x 702800 22 
3.40x7280 13. 80x 907200 23 
4.50x3150 £14. 70x 604200 24 
5. 6x50 300 +15. 30 x 902700 25 
6. 7x90 630 16. 50x 402000 26 
7. 10 x 30300 17. 20x 901800 27 
8. 40x 10400 18. 70 x 503500 28 
9. 60 x 804800 19. 60 x 301800 29 
10. 30 x 501500 20. 40 x 903600 30 
3J)° 2 000 * 35° 810000 * 33° S¥O 000 
P-SS00"° 1Se2500" Si"13 000" Op). 
Reflected answers, Set 14: J° S\0° S350 * 


. 300 x 4012 000 31. 
. 600 x 7042 000 32. 
. 40 x 200 8000 33. 
. 90 x 30027000 34. 
. 800 x 4032000 35. 
. 500 x 6030000 36. 
. 70 x 90063000 37, 
. 400 x 4016000 38. 
. 200 x 102000 39. 
. 30 x 80024000 40. 


t5 000 * 33° 8000 * 


3° 380° 


8 x 7000 56000 


90 x 9000 810000 


6000 x 40 240000 


20 x 300069000 
7000 x 50350000 
500 x 500250 000 
700 x 800560 000 
200 x 40080 000 
600 x 10060 000 
900 x 300270 000 


Jd. SJ.00 * 


A-7 


For use with page 103 ' 


Solve. 





joa 8° 
Reflected answers, Set 15: 


eee! td al Coates ed 


320 — 4 = w8012. 
150 = 3= p50 13. 
560 — 7 = 68014. 
240 — 8 = n3015. 
280 ~ 7 = d4016. 
210 +=3 = sv7alz 
480 — 6 = m8018. 


SO 7a 


Soa. 


250 — 50'=)x5 211 
160 ~ 40 = a4 22. 
240 — 30 = kB 23. 
280 ~ 70 = z4 24. 
140 =~ 20 = d7 25. 
270 ~ 30=u9 26. 
270 ~ 90 = 93 27. 


90 3 
J° 07 ay 


20° 


350" "50r=3F"72530; 
420 + 70=r6 31. 
560 ~ 80 = m7 32. 
640 — 80=/ 6 33. 
540 - 60=y9 34. 
630,.,7/0%=¢ 9 35. 
7T20'290-="d 8-36: 


tO bse Eilat 


490 —~ 70=n7 
810 = 90=/9 
480 — 60= b8 
540 ~90=s@6@ 
150 = 30=AS 
360 —- 60=t6@ 
120 = 60=r2 


For use with page 107 


Choose the best estimate for each problem. 





2. A theater has 47 seats in each row. Choose the best estimate 
for the number of seats in the theater if there are 32 rows. 


B 1200 


c 150 


3. 1 hour is 60 minutes. Choose the best estimate 
for the number of hours in 5390 minutes. 


Reflected answers, Set 16: 


A 100 


A-8 


1° B 





For use with page 115 


Find the sums. 





























tar 34 2.2506 Be 742 4. 136 Herd 2 i 

+45 +87 +57 +157 +382 

19 143 99 293 809 
6. 487 Tene 8. 382 9. 1481 10. 562 
45 856 994 464 2363 
+262 +28 +481 +168 +3905 
7194 9\2 1857 2\I3 6830 
ile o. 203 t2. 1934 13. 3281 14. 9533 15. 4116 
636 759 5182 65 8476 
34 50 56 536 5022 
+440 +621 +354 +2292 +4273 
1393 3364 3873 12426 2\ 387 

Reflected answers, Set17: J° \0_ Sano 3 00, eee P 800 


For use with page 117 


Find the differences. 





























re Oo Lomo 3. 416 4. 165 5. 367 
—24 —35 —39 —97 —39 
15 16 377 68 328 
65 5 356 Thee sis 721 500 10. 802 
—163 —436 —563 —187 —496 
193 437 158 3\3 306 
11.. 1500 12. 1608 . 5308 ee2O54 15. 7438 
—59 —567 —795 —242 —842 
1441 104] 45\3 2592 6596 
16. 6900 17. 8043 7004 5702 20. 6/700 
—3486 —5964 — 5437 — 3986 —3985 
B4\4 2079 1567 I7\6 2715 
Reflected answers, Set 18: J' Se 1e- 3” BAAG Tt 2 358 


A-9 


For use with page 123 


Find the products. 


i Roa 22234 Sieh 4. 56° 5. 48 6. 76 
aes | x5 Nie x4 <7. x4 
“36 170 “65 224 336 304 
72 324 8. 572 9. 856 10. 457 11. 863 12. 294 
eg! x9 x4 KS me Pa aa 
2268 5/48 3424 1371 1726 2058 
13. 566 14. 354 15. 768 16. 9534 17. 7604 18. 6875 
XS x9 x6 x6 x8 x2 
4528 3/86 4608 57204 60 832 /3 750 
19. 2442 20. 3905 21. 5027 22. 9701 23. 6762 24. 1836 
eo x6 x9 4 xs a7 
19 536 23 430 45 243 38304 20286 /2 852 
2 33e- e@ 30t 
Reflected answers, Set 19: J 320° Se AO 3° 8p TON e 


For use with page 125 


Find the products. 


1. 24 








2: so8 














3.039 





























4 64 5. 65 6. 67 
x15 x 26 x 54 x25 - x 34 Oo, 
360 1482. (782 1600 2210 1609 
Tee TS 8. 80 9. 253 10. 147 11. 568 12. 476 
x18 x 89 2S x45 x 63 % 72 
/422 7/20 58/9 66/5 35 784 34 272 
13. 935 14. 467 15. 851 16. 304 17. 436 18... 514 
x 87 x 94 x 56 x 69 x 275 x 308 
8/1345 43 898 47656 20976 J19 900 /58 312 
194 2175 20. 643 21. 863 ORR AST HO) 23. 781 24. 825 
x 302 x 449 x 705 x 667 x 708 x 191 
52 850 288 707 608 4/15 648 324 552948 157575 
Paolo @ 1800 
Reflected answers, Set 20: J° 3c0° 36183 3 PYSas tT Je00° 


A-10 


For use with page 139 


Find the average of the numbers in each set. 


1. {58,2} 5 6. {21, 34, 20}25 11. {189, 373, 284}262 
2. {6, 7, 5} 6 7. {74, 65, 29} 56 12. {9, 12, 15, 16}13 
3. {9, 6, 2, 335 8. {41, 24, 31} 32 13. {107, 56, 88, 97} 87 
4. {8,9,9, 237 9. {64, 80, 123389 14. {81, 76, 121, 54} 83 
5. {37, 38, 54543 10. {137, 76, 75}96 15. £465, 392, 436} 43! 
Reflected answers, Set 21: J° 2. e Se- toes 


For use with page 141 


Find the quotients and remainders. 


























__7RI 5B AZ 22 564 BRB 4705 

eee) LS UV. 4)234 aw. 9)198 31. 9)5264 41. 9)42 345 
eH -F RD 76 R5 74R) T9IRZ 4564 R2 

2. 4)30 12> TSS, 22. 4)297 E32: B)3957 42. 6)27 386 

__ ORI 83 119 RI 610 R2 4946 

5 Pao WBS, 13. 6)498 23._5)596 33. 3)1832 43. 5)24 730 
__6R+ 79 R5 20 RG 464 Re 7715 RB 

4. 5)34 14. 8)637 24. 8)166 34. 7)3254 44. 8)61 723 
TRS 74 R2 285 Ri 594 6435 Ri 

5. 7)52 15. 3)224 25. 3)856 35. 4)2376 45. 5)32176 
le 6h 77 R3 42 R4 650 R2 5148 RI 

6. 9)65 16. 6)465 26. 8)340 36. 7)4552 46. 4)20 593 
6 RI 78 RB B7R5 729 RT 7290 R\ 

be2y1 17-.9)719 27. 8)701 37. 8)5839 47. 6)43 741 
wy RZ 78 Ri 27 R2 6I7 RZ 6732 R4 

S. 3)23 185,2)15¢ 28. 6)164 38. 9)5555 48. 9)60 592 
_4R5 136 191 R2 919 R4 11 242 Re 

9. 6)29 19. 3)408 29553)575 39. 8)7356 49. 7)78 700 
_7R3 23 R2 109 RI 1214 R3 8878 R4+ 

10. 5)38 20. 7)163 30. 4)437 40. 4)4859 50. 5)44 394 

514557 35° ATH! * 3)° 28tK8 * 35° AON BS* ti’ ¥\02° tS) T2ETKS 


Reflected answers, Set 22: J° \bi, 5 Nese Jd° 28B5° 15> \@Be * 





A-11 








Find the quotients and remainders. 


8 RI2 


oT. Sef S&S 


JN) 35K © 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


18° 8@HJ2- 
Reflected answers, Set 23: 


40)2560 
__ 82 
30)2460 

28 R50 


40) 2871 


a2 -t3) 
1° SBIS~ 


17. 
18. 


19. 
20. 
21. 
22. 
23. 
24. 


2 here 
60)1964 

86 RIS 
20)1735 


55 R33 
90)4983 
Sette 
60)4560 





50)9704 


Se PeKPO 


> 2LORE | ol 


et” 


23 | For use with page 145 


25 


26. 


27. 
28. 
29. 
30. 
31- 
32. 





43 
. 50)2150 

56 
80)4530 


19 RIO 
70)5540 
18 
90)7020 
139 R25 
60)8365 
211 R4 
20)4224 
272 R23 
30)8183 
15 R5 
40)3005 


R50 


10° 835° 





Find the quotients and remainders. 


B2 RIS 20 

1. 29)946 8. 51)1020 
24 RI2Z 82 R55 

2. 39)948 9. 65)5385 
5 R5 7O R6 

32200 )075D 10. 41)2876 
__20 R6 Du LER oo 

4. 42)846 iy 2 )OTOT 
22 RIO 79 RIS 

5. 38)856 12. 83)6572 

25 R3 30 

67°39)978 13. 35)1050 
Id R3 8O RD 

72%52)679 14. 62)4965 
12 e3be\* 1e@° 305° SS° CJ BS * 
Reflected answers, Set 24: J]° 2354/3" 


A-12 


15. 
16. 


17. 
18. 
19. 
20. 
21. 


63 R57 


75)4782 
302 
31)9362 


7 RII 
59)4200 
Gi 
78)6054 
g0 
84)6720 
207 R41 
42)8735 
84 R66 
76)6450 


33° SSBStT 


DOVES 


8 SO- 


22. 
23. 


24. 
25. 
26. 
27. 
28. 


0d .8 


6| RS 


61)3729 
82 R24 
36)2976 


6| 
93)5760 

49 
28)1378 

653 R35 
59)38 562 

745 R36 
72)53 676 

6ll Rdl 
79)48 320 


R87 
R6 














SH22 * 





For use with page 167 


Find the quotients and remainders. Use the shortcut. 
8 52 R4 





84 Ril 86 R45 
Tee) 206 B01 jJoO1 LO 17. 46)3875 25. 63)5463 
feed RS ___66RI9 ___57 RIO 84 RIo 
2. 43)306 10. 35)2329 18. 29)1672 26. 65)5476 
6RO 85 R22 264 RIS 80 R43 
B2935)276 11. 64)5462 19. 37)9786 27. 58)4683 
7RT7 84 RI3 76 RI2 g5 
4. 20)147 12. 41)3457 20. 19)1456 28. 29)2465 
9R36 34 R44 55 RI2 366 R25 
5. 58)558 13. 45)1574 21. 72)3972 29. 26)9541 
Vee) __©3 R29 ne 10 RS ___ 79 R60 
6. 20)185 14. 35)2234 22. 68)4763 30. 68)5432 
mie+ ___ 68 R2 __ABRBI “138 R38 
7= 59) 236 15. 39)2654 23. 65)2976 31. 54)7490 
9 R24 6| R5| 56 R22 92 R30 
8. 37)357 16. 57)3528 24. 52)2934 32. 49)4538 
IN’ SYBIJ 18° PABJO- S32” 8eCKY?2 © Se SYBIe 
Reflected answers, Set 25: |° 3. Sy Abe! 0 2SKT- 10° eeKJa- 


For use with page 163 


Find the quotients and remainders. Check your work. 




















305 R20 | 1535 R34 302 R24 400 R56 
1. 61)18 625 4. 38)58 364 7. 78)23 580 10. 74)29 656 

740 Ril 687 R8 115 R5O T44 RAI 
2. 89)65 871 5. 85)58 403 8. 87)10 055 11. 22)16 387 

630 R2 sll RZ 695 R56 746 
3. 26)16 382 6. 92)74 614 9. 94)65 386 12. 18)13 428 


Solve each story problem. 


13. If 1152 students want 14. 14,168 people wish to go toa 
yearbooks, how many football game. If each bus can 
dozen yearbooks hold 28 people, how many buses 
must be ordered? 96 are needed? 506 

NV’ 30SK5¢t° 1O° tOOKee 
Reflected answers, Set 26: J° 202450 tT J232K3t- 


A-13 


: | For use with page 165 


Find the answers to these money problems. 
































Vs 3.42 _2. $ 0.86 _& $10.67 4. $ 3:50 5..$97-35 
x5 x6 x8 x 34 3 x 67 
$/7,10 45.16 £85.36 $ 119.00 #49245 
6. $ 4.31 IT. $ 5.17 8. $ 8.06 9. $56.30 10. $47.85 
x 54 al We x 34 x25 x 56 
$232.74 £67.04 $274.04 21IA0T,.50~ $2679.60 
11. $20.57 12. $32.70 13° $20.42 14. $53.02 15. $26.57 
x 98 x 86 ‘ x9 x27 x74 
£2015. 86 $2812.20 $183.78 $1431.54 196618 ~ 
$1 $90 $.72 $4.05 $4.10 
16. 5)$0.55 17. 7)$6.30 18. 4)$2.88 19. 3)$12.15 20. 4)$16.40 
$.05 %.08 2.06 F.07 $.01 
21. 29)$1.45 22. 51)$4.08 23. 75)$4.50 24. 65)$4.55 25. 31)$2.17 
$, 60 £ 2.02 $. 64 $. 95 $.47 


26. 31)$18.60 27. 49)$98.98 


Solve the problems. 


31. 


Dave earns $4.95 a week 
delivering papers. How much 
will he earn in 6 weeks 2229, 70 


. Glenn spends $1.65 each 


week for lunches. 


How much does he spend in one 
month (4 weeks) for lunches ?# 6.60 


28. 32)$2048 29. 76)87220 30. 23)810.81 


32. A 12-gram tube of 
toothpaste costs $0.84. 


How much is this per gram ? 70.07 


Mr. Wall paid $2.48 for 
gas for his car. If he got 


14 litres of gas, how much 
did he pay per litre 2? # 0:!77 er 77 74 


35. Nick saves $20.50 each 36. Bill wants to save enough for 

month. How much will a $66.40 bicycle in 16 weeks. 

he save in one year ?# 246.00 How much must he save each yeek? 
ep evtaS¥2° se’ 2e0° Si e505) 38° eet 59° 202° 30> eTA 
Reflected answers, Set 27: J° @/\ 10° y 22 1e° 3° 28230 ° t 244900 


A-14 








For use with page 173 


List all the factors of each number. 
era, Im A 8 1.2,4,7, 1,2,4,8, le, 1,2,3,4,6,8,9, (2, 
1. 18°39} 3. 40% 10,20,40} ay | BOL a 56} 7. eat 32,64} 9. 791 18,24, 36, 72} 


ate Pcie : 1,3, 5,15, 25,75 
{1,2,3,4,6,8, 12,24} {1,2,3,6,@, 18,27, An a 9,21, ey As 23,69} 10. 75{ z 


Give the missing numbers. 


2 5 
11. If 10 is a factor of a number, then ||| and ||| are factors 
of that number. 


2 mI 
12. If 14 is a factor of a number, then ||l|l| and ||| are factors 
of that number. 


, 22 
13. If 2 and 11 are factors of a number, then lll is a factor 


of the number. 


15 
14. If 3 and 5 are factors of a number, then ||| is a factor 


of the number. 


aiWs3vesa JS J8 S¥ 3e AS} 
2 415 ¥ A. 8 Jv-S8 ee}° Kea ot 8 1C\ 35 ete; 
Reflected answers, Set 28: J° {)° 5° 3°03 J8}° Selaget~ 2-8 4O-50-t0}- 


For use with page UTE 


For each exercise, give the union and the intersection of the two sets. 





1. S ={4, 7, 10}SUT={2,4,710} 2A SOS Tara) 8774s SIAUB=EE ei: 
a 1S {2, 4}SNT= {4} ; Bye 12) 4, 6:8. 10}ANB={2.47 
3. M = {8, 9, 10}MUN={39,10,12, 18) 42C= 50,241,062, 3, 4, a 6, 7, BE dios 
= = g, = CUD =$ O.1,2,5, 1 hf) 
N = {9, 10, 12, 13}MON= {3,10} Cepia eth! cnpste} 
5. O = {0, 1, 2}QUR=£0,1,2,4,5,63 Geb e455 2G 7; 8.29210} 
= st ne EUF = £1,2,3,4.5,6,7, 8, 9,103 
R = {4, 5, 6QnrR={} ease oc rorgs 
SV9B=tOs'S3'T'2'e'S's0} VU B= {Sd} 
Reflected answers, Set 29: J° 29 1 = {Sv \J0}' 2 Vvaisath 


A-15 





. List the common factors of 10 and 15.(1,5} 
What is the greatest common factor of 10 and 15? 5 


List the common factors of 12 and 27. {1,3) 
. What is the greatest common factor of 12 and 27? 3 


oN TO Rw 


Give the greatest common factor of each pair of numbers. 


Set 30 | For use with page 179 


. List the factors of 10.{1,2,5,10} 2. List the factors of 15.{1,3,5.! 5} 





List the factors of 12.{1,2,3,4,6,\2} 6. List the factors of 27.{1,3,9.27} 


9. 8, 204 12. 28, 357 15. 36, 2412 18. 10, 162 
10. 9, 243 13.926; 612 16. 12, 213 19. 15, 205 
sigh Phare 14. 14, 2814 17m es 20. 18, 306 
Reflected answers, Set 30: J° 6/5 2/0 Y tsa ya} 3 {ahr t 2 


31 | For use with page 187 





List the multiples (to 36) of 6.{0,6,12,18, 24,30, 36} 
List the multiples (to 40) of 4. (0,4, &,12,16,20,24,28, 32,36,40} 
List the common multiples of 4 and 6.{9, 12,24, 36} 


Give the least common multiple of 4 and 6. !2 


ba aah esta 


Give the least common multiple for each pair of numbers. 


5. 2and7 |4 9. 13 and3 39 13. 10 and3 30 
6. 8and3 24 10. 5and8 40 14. 4and12 \2 
7. 9and5 45 11. 2and6 6 15. 9Qand6 18 
8. 7and4 23 12. G6and7 42 16. 10and2 !0 
Vicny. Pp Jv 0 30. IZ 20" Ae oa 

5 0' SIS Jes St Se aS-se" tO}° 3205S SHBO 


Reflected answers, Set 31: J° (0 © JS 18 S¥ 30 32e)}° 


A-16 


ad, 


18. 
19. 
20. 


12and8 24 


2and9 |8 
12 and2 !2 
3and9 9 


For use with page 197 


Find the missing fractions. 


Ill is equivalent to 2. 


is equivalent to ||lll. 


\llll is equivalent to |Ij. 


Illll is equivalent to ||lll. 


\llll is equivalent to lll}. 


Illll is equivalent to Ill}. 


[lll is equivalent to ||ll[. 


Ill is equivalent to ||ll. 





W|<4 
co} fe] 


Reflected answers, Set 32: J ~ Suse 7 


A-17 





For use with page 193 3 


Give the next three fractions in each set. 






2 a ewes tO 
2 {E, 10’ 15" 20’ 257° reer 3 

SyelOss 20.25 540 
3. teriaeascaaesga Agr 

fel Sos i ok Csi 2 by Sete is ww 2! 24 
4 {g, 16” 24’ 32 40’: : 35,2.4 9. 5’ 107 15” 20’ 257: + EES 35,40 

a6 Os teens 16 2! 24 12 15 18 21 24 
5 {5, 14: 21" 28 35' + + S42, 49,66 10. ae 8: o, 16” 207° } 24,28, 32 

; » STs Sh g: {2% ©3+ AS) 

Reflected answers, Set 33: {Ze Sb sv} {gr Ss Sa 





For use with page 197 


Which pairs of fractions are equivalent ? 


te 





3. 3,22 Equivalent 13. 3,§ Notequivalent 23. 18, 1? Not equivalent 
4. 242 Not equivalent 14. 8 12 Not equivalent 24. {00 20 Equivalent 
Bias aig NOE equivalent 15. 3,19 Not equivalent 25. 3,16 Equivalent 
6. 2,42 Not eguivalent 16. 33, 75 Equivalent 26. 2 2 Not equivalent 
7. o: joo Equivalent 17. 4,33 Not equivatent 27. J, 13 Not equivalent 
8. 4,2 Not equivalent 18. 2,4 Equiva\ent 28. 3,82 Not equivalent 
9. 2,72 Not equivalent 19. 2,12 Equivalent 29. 4,2 Equivalent 
10. 3,3 Equivalent 20. 33,4 Equivalent 30. 42, $2 Equivalent 





Jg° edniagjeug * 


Reflected answers, Set 34: 


J5' vor edniagyeug * 
J° vor edniagyjeus * 


SJ° sdniagjeus * 


SS vos edniasjeus 
5 edniagjsus * 





A-18 





ae 








For use with page 207 


Give the lowest-terms fraction for each of the following: 








2:to ten. Soe A4.es } ~ 20.8 Ar 26.8 4 92.4% 38.8 
362 985 15.22 21.52% 2744 32.82 39.8 
43% 10 £$% 1684 22.5% 28.1295 34.24 £40. 38 
Beeaeaie tle sey. 17 food, «23. Bek 29, Bre 0 2388. Dw no Ma RB 
6.2 12 3¢ 8s 2433 301% 364% % 421 
Bee ey VON 3.5 

Reflected answers, Set 35: J ~~ Oe 13° 3° a3 


For use with page 277 


Give the correct point for the fractional number that is indicated 
by the set of equivalent fractions. 








pn 
oie 
lo 

S| 
< 

b 

S 
al 


Reflected answers, Set 36: J|° ® 


A-19 


NI- uly wip NIN 


wip aln 


| Set 37 | For use with page 2713 





Give the missing numerator or denominator. 











1.4=9 6.3=f 16 11. 
2. 35 =m50 7. 2=%6 12. 
3. 2a wholh Bie, 22 GS 13: 
4.1=3 15 9, 3-1 7s 14, 
5. §=i56 10.5=j 20 15. 
Reflected answers, Set 37: J° 5_ 


pS 16. = Blt 
1420 6017. 3= lll ¢ 
“#5 18.4 = 350 
20 19. 4=H2 
H 905. 20ighe ta 
dio oe le iv’ 








Give the correct sign (>, 








1. 4 lh < 11. 
2. 2 lh 8 > 12. 
3. i ill 3< 13. } 
4. 2 ill 7 ie 
5. illbs 7 15. 
6. 5 lt s< 16. 
7. §illllb $< 17. 
8. 3 ih < 18. 
9. {fh 338= 19. 
10. 2 {ll = 20. 
SI" Sn AES: Sl yey 


Reflected answers, Set 38: 


A-20 





2 illh < 
2 llh3< 

Sill B= 
Sill 5 7 
Z ill 2 > 
28 ill = 
5 ill > 
5 llllh3 < 
Silks 7 
+ ill 3 < 


=, or <) foreach HAY 














21. 3: < 
22. § illlfo < 
23. ‘ll a= 
24. } ili $< 
25. 3 {lh := 
26. 3 (li s< 
27. ioilllhs 7 

28. + llh2s= 
29. § his 7 
30. 3h < 

iv an WS 


33. 


34. 


35. 


Ww 


w& 


Ww 


a 


6. 


Ts 


9. 


0. 


locate | 
= in 75 
=m | 
= an 30 
= 20 8 
n| 
. Bis > 


Sills = 


3 ill 3 > 
+ il 3 = 
48 lh 8= 
3 ills > 
Zilli? > 
- lh < 
5 ih 2 < 
2 illk§ < 


For use with page 217 


Solve each short story problem. 


1. Gail's hand: 9 centimetres long. 2. Henry ate 4 eggs. 
Mark's hana: 1 decimetre. Angie ate 4 dozen eggs. 
Who has the longer hand ? Mark Who ate more eggs? Henry 
3. Bob ate dinner in } hour. 4. Ann bought 3 metre of material. 
It took Alex 20 minutes to Joan bought 2 metre. 
eat dinner. Who ate faster ? Bob Who bought more material ? Joan 
5. Frank worked ¢ hour. 6. Sam read 3 of his book. 
Pete worked 50 minutes. Tony read 3 of the same book. 
Who worked longer? Pete Who read more? Tony 
Reflected answers, Set 39: J° ol" 3° H6EULA 


For use with page 2719 


Solve each story problem. 


1. The ratio of boys to girls | 2. The ratio of tires to cars is 
is 2 to 3. There are 15 girls. 4 to 1. There are 24 tires. 
How many boys are there? |O How many cars are there ? © 
3. The ratio of tables to chairs 4. The ratio of swings to students 
is 1 to 6. There are 5 tables. is 4 to 15. There are 30 
How many chairs are there? 30 students. How many swings 


are there? 8 


5. The ratio of eggs to cartons is 6. The ratio of dogs to bones 

12 to 1. There are 5 cartons. is 3 to 8. There are 9 dogs. 

How many eggs are there? 6O How many bones are there ? 2 
Reflected answers, Set 40: J° /0— 5c 
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ay 
1 3 6 1 ! 3 2y\ 2h, VO Ae 6 (2 oe 
1.5+3% 6i45.— roleorz 11. 8-53 16. ts tis we 21.5 —-5 5 
7 7\4% 7 4 3 7 At) 7 9 4 5 t 
2 Z + Zor lz if atggrle ee 35 35 as 17. 10 ee 22. 30 — 20 20°°R 


18. £+h4 23.8-BE-d 


ie) 
RID 
| 
Slo 
-- 
[oe] 
Ww 
oO 
+ 
ef 
\! 
3S 
9° 
<x 
Go 
== 
Ww 
NI 
| 
Nie 
Nor 


4 A+ ES 9 3428 14, E— 2 es 19.08 ees ae 


Ow 


9 3 3 
5. 44 SForl} 10. 254+ 193315. 24+ 28820. 4-13 25. 24+ fh her8 
Solve each short story problem. 
26. Drove 3 kilometre. 27. Read 3 of a book, 
then drove 7 kilometre farther. then read 3 more. Read % 
Drove howlareeea: how much of the book ? Fore 
Reflected answers, Set 41: J° e Bos ih 1@ 43. ny es 





Make lists of equivalent fractions until you find 2 with the same denominator. 
Then find the sum or difference. 

















peers ae 7 ave Dae + 
eee rae ey 7.3+2 3 10. 3-i8 13.°5 eS 
a ul 5 
2..4—4.t:m weBi hod. 8. 4-4 Soq salle Ore diet wand Age 
34 5 13 = 
3.34142 eae 94+38 12.3+145 1500 tees 
16, ee (ee 18, 4 19. 2 202.02 21 ee 
+76 9 mateey Ses ee pe rE ae Tite 
To 16 S —seorle 70 — 
Reflected answers, Set 42: J) o> ee i te 10 "ata IBors 
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For use with page 235 


Give the missing numerators. 
































IM 
Mes=o+ 3.2=Hi0 58 f= ig  71=8s 9. 1 = lll 96 
2.3= lo 45p2 Mio wesi=-f 9 98. 450hi2.....10..2:- 8 -20 
Find the sums and differences. 

11. 4 12. 4 13. 4 1463 15. io 16.25: 3 
Be Bn — > = ed: arts Se soe 

+ 10 Z 10 2 +% & 6 + + 36 4 10 i 

17. % iI woh em Ege 205m: bg dae 22 

a z ae | war a 
a9 io 12 24 +3 $ or /$ a+ a2 
7 
23. 2 24. a 25. 0 26. io 27. 1 28. ro 
~% —} +5 —3 +345 ~ sh5 
—S4 ore 8 2 5 8B or /3 5 4 100 tL 100 ee 
Oo bas onli Sako ly 33.24 gory 35. 2 412g 37 106 — Yiee"S 
o 
30, 3+ 12 32.2-26 34.}-12 36. 3+ 3forlF 38. % — thzer 
50 
Solve each short story problem. 
39. 4 litre milk. 40. Had $ box of cookies. 


5 litre water. 
How much liquid in all? Z /’tre 


Ate 3 box of cookies. What 
part of the box is left ?3 box 


41. John ran} kilometre. 42. Andy played in 2 of the football 
Jim ran 5 kilometre. game. David played in ; of 
How much farther did John run? = km the game. How much more did 

Andy play 23 game 
Ye 2° ga Sruues gor S80 
a TS; oY 43 IS Ng" IS ‘9° 30 
Reflected answers, Set 43: J 3 0" 2a Acts 3 50° 
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| 
Qr 44 

7a | 

i | 

| 


For use with page 239 





Change each mixed numeral to an improper fraction. 


° 13 
1. 63 3. 18 = 5. oil 
235 Ft. 94.14 ea 8.6. 75 5 


13. 


ols 


~ 

i= 
= 
ol 


#6 17. 2 


14. 


SIS 


i) 
“Ie 
—s 
_ } 
0 
ala 


Solve each short story problem. 


25. Bought 3 kg of apples and 
3 kg of oranges. Bought 
how many kilograms 
of fruit? or /4 kg 


ws 123. 12° $5 


d| 
Reflected answers, Set 44: J° =; 3 


3 
712k 9322 w.43 #8 
uN 
s.9 4 610. 134 12°23 ee 
19. 12/2 21.3845 23. B84 
20. 82 6 22. S25isor55 24, 28 83 
26. Exercised 2 of an hour on 
Monday and § of an hour on 
Tuesday. Exercised for how 
long on these two days ? Zorlz h 
Sf Lola? So eS ae 
ee ee 

















ihe 4s oa 82 3 5? 4. 
1 1 ee 
ea eee wins TS 
Tao. 8. fe 9. Sic 10. 
1 ib 1 
REISE PE lage whe 8 
an e is 7 
Reflected answers, Set 45: J° /J> 5 408 
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33 5. 63 6. 43, 

i i i 
125 55 iO en Te 
6} 11. 8 12. 43 
+12 zi +74 59 +2: 63 

20 

3° OF t 25 





For use with page 243 


Solve each short story problem. 


1. 43 hours going. 
5¢ hours returning. 
How long for entire trip? 9 # or 94h 


2. 2164 kg of peanuts. 2 250 
/000 
1,68 kg of almonds. Sh ks 
How many kilograms of nuts ? 


or 


3. cm of rain on Saturday. 4. Ran 3 kilometre. 
2 cm of rain on Sunday. Walked 3 km more. 
5 < 243 . 3 = > 
How much rain in all ? & or/Z em How far in all ¢ Bia: it ke 
5. Lost 13 kilograms one week 6. Drank 23 cups of milk 


and 3 kilograms the next week. 


and 1% cups of water. 32 or 
Lost how much in all? /Z or 24 hg 


Drank how much in all ? 4i cups 


Reflected answers, Set 46: J° 9) Oe’ Sit 


For use with page 245 


Find the differences. Give them in lowest terms. 


















































1. 8% 2 eid 3 ea 4. 83 5. 9% 6. 5; 
sal ey) on Fi Yet Soe 
; 7 23 5 316 ——*25 
Ze 26 
7 Ge 8. 94 9. 5% 10. 93 1ize 72 12. 32 
= 35 — 135 — 40 —8; —5} ee 
ae z lz = z 
13. 8; 14. 7% 15. 98 162-6; ive fe 18. 7% 
—32 —62 —4} —1i —7} —11 
Fa It 5E x aL eZ 
19. 92 20. 6% 21. 72 DOO 2s OP G24n ee 
— 275 = 1766 = 33 Ai = 33665 — 8550 
T¢ ie AG 4.24 2382 13 
dia ace aie ; ° | 
Reflected answers, Set 47: |° 2 Mace Bisse td 
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Give the missing numerator or denominator. 





1. 72=7 + 752 5. 2.6 =2 + jj 10 9. 79.4=79 + ih 4 
2. 8.1 =8 + i !0 6. 43.3=43 + ths 10. 96=9+ 4 10 
3. 28.3 = 28 + 210 7. 82=8+4+210 11. 6.2=64+ 442 
4.74=74+ 4 8.352978 10 12. 34.7 = 344710 


Give the correct decimal for each sum. 


13.534 ge 17. 4544451 21°17+8 116 25: Sf eels 
14. 26+ 4 26.1 18.94+%4 9.7 22. 19 + 35 19.4 26. 36 + 33 366 
15. 41 ‘tai lo 3 19.3+; 38 23. 26+ 3 26.5 27. 21 + 7214 


16. 86+386.2 20. 15+ 315.2 24.42+3,42.3 28. 624 8628 


IN te) by flee ot cA Se ol Pe 
Reflected answers, Set 48: |° 5. > 10. ot: [3° Sy 





For use with page 255 


Write each fractional number as in the example. 
(Example: 9.362 = 9 + 344+ 785 + zo) 449 +848 
1. 2.612+$+2, 4. 81.6 81+& 7. 47.6341+%+3.10. 4.956 re 13:2.3,057 


ie 


I9+ 
2. 3.823+%+% 5. 6.76 6+%+i% 8. 48.7446+5+4, 11. 19. 943.442, 14. 49.12 
3. 6.766+5+ 6. 62.3162+3+i009. 3.8923+% 12. 4.034+% 15. 16.804 


eer ile) 2 te [oe 
: (4) 4945+ 
Give the correct decimal for each sum. (15) verees 
16.8+% 8.7 20. 12 + 35 + ta9 12.18 24; 82) 3 eee 8.304 
17.9+34 9.4 21. 15+ 53+ 7% 15.36 25. 72 + 35 + x30 + repo 12-422 
18.5+4+ 3473 532 22. 244+ 34 75 24-43 26. 41 +354 75 + ipoH4l- 138 


19. 7+ +75 7.48 23. 16+ 34 735 16.02 27. 4+ 3 + we5 + i550 4-003 


Reflected answers, Set 49: J@ 2\° SO7 LO: ics: St 8 30T 
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For use with page 257 


Give the correct sign (<, =, or >) for each ll. 





. 7.15'\b 7.14 > 12. 4.158 jl 4.258 < 


2. 42.6'\l) 46.2 < 7 

3. 16.7 |) 16.7 = 8. 5.32 |) 5.22 > 13. 3.749 |||) 3.739 > 
4. 65.8 |i) 64.4 > 9. 7.08 {ll 7.06 > 14, 2.584 | 2.684 < 
5. 41.9 lll 40.9 > 10. 6.16 il) 6.26 < 15. 3.629 ll 3.628 > 


Find the sums and differences. 





Seema 10 0.3~ ~ 50) 2? on 82S) 058 
Reflected answers, Set 50: J° <° abe a oa He: 19° N00 





For use with page 259 


Find the sums and differences. 






6. 0.34 TERA R.) Boge ein Ja5) 29.6 10. 3.43 














+ 0.25 —7.3 +3.8 —19.8 +5.57 
~ 6,59 6.2 6.3 9.8 9.00 
11. 24.39 V2 Oso Tor" 8.63 14. 15.28 15. 70.91 
+8.7 —4.57 +7.29 —7.63 —12.86 
33.09 AF 15.92: 7.65 58.05 
16. 0.683 17. 0.902 18.2 8.271 19. 21.446 20. 4.844 
+ 0.785 — 0.610 —5.847 — 0.008 — 0.369 
[468 0.292 2.924 21.438 4.415 
Reflected answers, Set 51:. J) J 5 — Swe 26S" Tie yey 2 802 
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£52 | Foruse with page 267 


Find the total amounts. 





1. $8.76 2. $10.39 3. $4.98 4. $36.50 5. $57.86 
4.32 ince 4.61 Bis 3.4926 4, 9.983, 46 29.98 4,764 
6. $6.36 7. $15.49 8. $7.49 9. $49.99 10. $58.67 
2.83 4.51 8.89 23.46 46.98 
20.19 270.00 £76.38 373.45 2105.60 
11. $104.95 12. $69.99 13. $127.49 14. $89.98 15. $721.11 
87.75 69.99 98.98 89.98 34.87 
$192.70 2739.96 2DIOAT ZTT9.96 £755.90 


Find the differences in the amounts. 








16. $5.65 17. $6.57 18. $56.30 19. $64.50 20. $36.50 
3.273938 . 4.924%) 65 278845842 _3.98¢60.52 _17.98 gigs 
21. $29.45 22. $104.25 23. $110.07 24. $365.98 25. $532.48 
16.59 67.48 39.95 299.99 398.99 
$12.06 $36.17 210.12 260.99 $T3349 
10° 2002S © 30° 218 PS 
t eves - 2 esi st- JOX25.394 JM ef ea- 18° 2538't5° 
Reflected answers, Set 52: J° 2/303. Y 2/200 ° 3° 28th - 






_| For use with page 293 


Give the products. 


17 2 1 4 1 ee 2 2 Zz ee 
qe X spor ls 5. a x4 5 9 6* 742 13 3x 2tors 17 6X9 ZOV 54 
2.8x Bor it 6 2x7¢ 10.3x90 14. 3x Shore 18. 3x sore 
. 7z7Or Iz YD. 8 3 - 9 X To 90 - 9 X 5460rs -B*% 324 8 
13 it 1 ibe 1 4 2 12 3 5 1S S 
Spe X @oOrz Th 3 X 721 143 3x¢t 15. 3 xX 75z1 19. 7 X 16 Fo" 14 
1 2 vec ab xe a8 7a a ae) =) 
4. 3 xX 9s0rS 8. 5 X g 40 12. 3% 720 16. 4X 55,08 lz 20. B X 5 40 
Pror 8) 2» et SA 
iS i ihe 50 Of To aia e He 
Reflected answers, Set 53: J° © oO} J>- oD Qo Te 
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For use with page 295 





et aie ck de aces Mie) ade Bio toagh mahg = 
: : f “12 
ae aan lo s=Ww 7349 
2.6X5= 16,1 6 Ce rk 10. 5x C= Ho 5 
+i -l-=p Lee i 15 3 Ss 
LO eS 2 3. oe 50 10 
SUX aT Bowed Let Soom. sadn SX 3 wes 3 
Aebon bahad S+t=s 
io Sele mapa ge} Sones ld blag son meng tes = 
g+4=x bo wah bods 
Reflected answers, Set 54: J) s > o M= 3° ga=4 
For use with page 297 
1. Ate 3 of 3 of a pie. # 2. 4 of the boys play football. 
Ate how much pie?¢® 3 of these boys are on the 
first team. What part is on 
2 2 
the first team ?> 
3. 3 of the students like beans. 4. Travelled 3, of a kilometre. 
+ of these students also like Walked $ of this distance. 
corn. What part likes both Walked how far ?33 Km 
vegetables ? 12 OF + 
5. Home 5 of the day. Spent 2 6. 4 of the students ride 
of this time eating. Spent the bus. 3 of these students 
how much of the day eating ? '2 ride at least 3 kilometres. What 
part ride at least 3 kilometres za 
Reflected answers, Set 55: J° Sue 
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Adler, Irving. The Giant Golden Book of Mathematics. New York, Golden Press, 1960. 
(Available from Whitman Golden Ltd., Cambridge, Ontario) 

Have you ever wondered why a tree grows or why a volcano is shaped as it is or what 
makes a card trick work ? This colorful book answers these and many other questions, 
through exploring the world of mathematics. You will find all kinds of exciting ideas about 
numbers and what they mean in our daily lives. Here are just a few of the interesting topics: 


The symbol Egyptians used to show a fraction Ai... 9 . . & .GG ee | 2 eee eee 
When the shortest path between two points isacurve.............. . 61 
Archimedes’ development of giant catapults®:> Se. . . ; . S°ReIe . Th pees 
How. Maxwell's equations.led to.electronics ».)... 5. . -)4 -¢e0.908 ..- =e. eg peeeomeU 


Bendick, Jeanne, and Levin, MarciaO. Take Shapes, Lines and Letters. New York, 
McGraw-Hill Book Co., 1962. (Available from McGraw-Hill Ryerson, Scarborough) 

This book sparks your interest about mathematics in art, music, and everyday life; 

about shapes and curves in nature; and about drawings, graphs, and secret codes. 

Ideas to explore include: 


What Kepler discovered about planets § (i> 30.4%) .4. 1°. 2 oe 5 eee eee 
What figure.is a symbol. of the dniverse..... ce sna 
A number system using letters... . «6 5 « 6) ot ce ue ape ce ec 
Chinese:tangrams %)..4%09.96% . . 3, RP RDS « ~ ee 


Hogben, Lancelot. The Wonderful World of Mathematics. New York, Doubleday, 
1968. (Available from Doubleday Publishers, Toronto, Ontario) 

This book shows that the story of how man became civilized is also the story of how 
mathematics became a science. You will enjoy going back to the time of the cave man 

and finding out how man learned to measure and to count, to build and to navigate, 

to design and to calculate with computers. Some enjoyable things in this book are: 


The Mayan Indian base-twenty number system. . .. .. 2° =» « . 20s =a) eeneeenen 
Cannonball:warfare <P). Re ee Sm ee 
Drawing an ellipse with two pegs | . = 2. . >< sos =o) 4 «ten eee ee cennnrn annem 
Graphs of solid’steel Hh OVS) oP... 6. Sw oe. Oe A Ge 


Jonas, Arthur. New Ways in'Math. Englewood Cliffs, New Jersey, Prentice-Hall, Inc., 
1962. (Available from Prentice-Hall of Canada Ltd., Scarborough, Ontario) 

Cartoon-style mathematics explains sets, probability, and algebra in a way you'll really 

enjoy. The chapter “Men in Math” includes both modern giants, like Einstein and 

Von Neumann, and history’s great mathematicians, like Pythagoras and Archimedes. 

Other chapters you will probably find interesting include: 


The magic. of two’ “Ser kee Se ye ee ee 
Wher! 1001S =" 36 Bat ae Tg ee oS oe oe ee See ee 
What tS VOU UCN. i ck co cbc ted al le lc teu 
Doughnuts and pretzels. . . . i See Sn 


You may also enjoy reading More New Ways in Math (1964), by Mr. Jonas. 
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Other books to explore in your library are listed below: 


Adler, Irving. Logic for Beginners Through Games, Jokes, and Puzzles. New York, 
John Day, 1964. (Available from Longman Canada Ltd., Don Mills, Ontario) 


Good thinking is needed to solve the 285 brain teasers collected here. 


Barr, Donald. Arithmetic for Billy Goats. New York, Harcourt Brace Jovanovich, Inc., 
1966. (Available from Longman Canada Ltd., Don Mills, Ontario) 

Counting with his two front hoofs, young goat William Gruff invents a two-digit 

(binary) counting system. 


Bendick, Jeanne. Take a Number: New Ideas + Imagination = More Fun. New York, 
McGraw-Hill Book Co., 1961. (Available from McGraw-Hill Ryerson, Scarborough) 

A cleverly written book about the history of numeration, the binary system 

and computers, perfect and prime numbers, and fun with numbers. 


Bendick, Jeanne, and Levin, Marcia. Mathematics I/lustrated Dictionary. New York, 
McGraw-Hill Book Co., 1965. (Available from McGraw-Hill Ryerson, Scarborough) 

A handy tool for students. If you need to know about ancient or contemporary 

mathematicians, mathematical terms and definitions or any facts and figures, 

use this dictionary. 


Gardner, Martin. Perplexing Puzzles and Tantalizing Teasers. New York, Simon and 
Schuster, 1969. (Available from Musson Book Co., Don Mills, Ontario) 

Have fun with riddles, teasers, illusions, tricky questions, word and picture puzzles. 

All the answers are included. You may enjoy ‘Sneaky Arithmetic,” page 30, 

“Folding Money Fun,” page 54, and ““Mother Hubbard’s Cupboard,” page 67. 


Kettlekamp, Larry. Puzzle Patterns. New York, William Morrow, 1963. 
(Available from George J. McLeod Ltd., Toronto, Ontario) 

Entertaining historical background of puzzles including Sir Isaac Newton's 
famous problem about trees and the 4000-year-old Chinese tangram. 


Leeming, Joseph. Fun With Puzzles. Philadelphia, J. B. Lippincott Company, 1946. 
(Available from McClelland and Stewart, Toronto, Ontario) 

Also available in paperback from Scholastic Book Service, 1966. 

A collection of more than 200 match, coin, paper-and-pencil, cutout, 

and word puzzles. The answers are all in the back. 


Luce, Marnie. ‘Math Concept Books.’ Minneapolis, Lerner Publications Co., 1969. 
(Available from J. M. Dent & Sons (Canada) Ltd., Don Mills, Ontario) 

These books will help you understand the way numbers work. 

The titles include Counting Systems, Lines and Planes, 

Points, Polyhedrons, and Primes Are Builders. 


A-31 


Meadow, Charles. The Story of Computers. |rvington-on-Hudson, New York, Harvey 
House, Inc., 1971. (Available from Burns & MacEachern Ltd., Don Mills, Ontario) 

An introduction to the fascinating new world of electronic computers—how they 

are used and how they are programmed to solve problems. 


Murray, William, and Rigney, Francis. Paper Folding for Beginners. New York, Dover, 
1960. (Available from General Publishing, Don Mills, Ontario) 
See what you can make by folding, tearing, and cutting paper. 


Ruchlis, Hy, and Milgrom, Harry. Math Projects: Mathematical Shapes. Brooklyn, 
New York, Book Lab, Inc., 1968. 

Use straws and pipe cleaners to make cubes, tetrahedrons, octahedrons, 

prisms, and pyramids. 


Sobol, Ken. The Clock Museum. New York, McGraw-Hill Book Co., 1967. 
(Available from McGraw-Hill Ryerson, Scarborough, Ontario) 

A brief and interesting history of clocks and time-keeping devices from prehistoric 
times to the present. 


Wentworth, D., Stecher, A., Couchman, K., and MacBean, J. Mapping Small Places. 
Toronto, Holt, Rinehart and Winston of Canada Ltd., 1972. 

This book suggests activities related to maps and map-making. They include measuring 
distances directly, using map scales, measuring angles and heights, and using the 
compass. 


White, Lawrence B., Jr. Investigating Science With Paper. Reading, Addison-Wesley 
Publishing Co., 1970. 

A chapter on ‘“‘paper engineering’ includes bridge building, testing and the like. Math 
puzzles and a little magic add to the fun. 
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addend Any one of a set of numbers to be added. 
In the equation 4 + 5 = 9, the numbers 4 and 5 
are addends. 


addition An operation that combines a first number 
and a second number to give exactly one number. 
The two numbers are called addends, and the one 
number which is the result of combining the two 
numbers is called the sum of the addends. 


angle Two rays from a single point. 


see 


approximation One number is an approximation of 
another number if the first number is suitably “close” 
(according to context) to the other number. 


area The area of a closed figure or region is the 
measure of that region as compared to a given 
selected region called the unit, usually a square 
region in the case of area. : 


associative principle See grouping principle. 

average (arithmetic mean) The average of a set 
of numbers is the quotient resulting when the 
sum of the numbers in the set is divided by the 
number of addends. 


centimetre A unit of length. One centimetre is 
00 Metre. 


circle The set of all points in a plane which are 


a specified distance from a given point called 
the centre or centre point. 


circle 
centre 
point 


clock arithmetic A mathematical system using only 
the twelve numbers of a clock face. It is also 
called modular arithmetic or remainder arithmetic. 
common factor When a number is a factor of two 
different numbers, it is said to be a common factor 
of the two numbers. 
commutative principle See order principle. 
compass A device for drawing models of a circle. 
composite number Any whole number greater 
than 1 that is not prime. 


cone Generally thought of as a right circular cone, 
which is illustrated below. 


congruent figures Figures that have the same 
size and shape. 


ae aS. 


congruent triangles © 


co-ordinates Number pair used in graphing. 


co-ordinate axes Two number lines intersecting 
at right angles at O. 


cube A rectangular prism (box) such that all faces 
are squares. 


cylinder Generally thought of as a right circular 
cylinder, which is illustrated below. 


decimal Any base ten numeral that uses place value 
to represent a fractional number. 


degree An angle unit that is a of a right angle. 


denominator The number indicated by the numeral 
below the line in a fraction symbol. 


diagonal A segment joining two nonadjacent 
vertices of a polygon. In the figure, the diagonal 
is segment AB. 


A B 


diameter A chord that passes through the centre 
point of the circle. 


centre 
A B 


difference The number resulting from the 
subtraction operation. 

digits The basic Hindu-Arabic symbols used to 
write numerals. In the base-ten system, these are 
therdigits:.O) 1722374) 5) 6, 7,879: 


distributive principle See multiplication-addition 


principle. 
dividend In the problem 33 = 7, 33 is called 
the dividend. 
4 
Example: 7)33<dividend 
28 
5 


division An operation related to multiplication 
as illustrated: 


12+3=4 
3x4 = cs 
2 Aes 
divisor Inthe problem 33 ~ 7, 7 is called the 
divisor. 
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edge An edge of a space figure is one of the 
segments making up any one of the faces of the 
space figure. 


empty set A set that has no objects in it. 


equality (equals; or =) A mathematical relation 
of being exactly the same. 


equation A mathematical sentence involving the 
use of the equality symbol. 


Examples:5+4=9;7+()=8;n+3=7 


equivalent fractions Two fractions are equivalent 
when it can be shown that they each can be used 
to represent the same amount of a given object. 
Also, two fractions are equivalent if these two 
products are the same: 


SD pe AE A Fis 
(A4><8)—> 3 x 8 > 24 


equivalent sets Two sets that may be placed in 
a one-to-one correspondence. 


estimate To find an approximation for a given 
number. (Sometimes a sum, a product, etc.) 


even numbers’ The whole-number multiples of 2 
(O72R4F6, o> tO nt 2a) 


face The face of a given space figure is any one of 
the plane geometric figures (regions) making up 
the space figure. For example, in a cube each of 
the square regions is a face of the cube. 


factor See multiplication. The equation 6 x 7 = 42 
illustrates that both 6 and 7 are factors of 42. 


fraction A symbol for a fractional number, usually 


: 2 1 
written —, 2 —, and so on. 
SA 
fractional number The one number we think about 
for each set of equivalent fractions. 


function The set of number pairs (input, output) 
generated by a function rule applied to a given 
set of numbers (input numbers). 


graph (1) A set of points associated with a given 
set of numbers or set of number pairs. (2) A picture 
used to illustrate a given collection of data. The 
data might be pictured in the form of a bar graph, 
a circle graph, a line graph, or a pictograph. 
(3) To draw the graph of. 
greater than (>) One of the two basic inequality 
relations. 
Examples: 8 > 5, 28 > 25, 80> 50 
greatest common factor The largest, or greatest, 
number that is a factor of each of two numbers. 
grouping principle (associative principle) When 
adding (or multiplying) three numbers, you can 
change the grouping and the sum (or product) 
is the same. 
Examples: 2 + (8 + 6) 
659 (GN So PA) = 
hexagon A six-sided polygon. 


(20-18) 1) 6 
(Chee wy Be 72 
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hypotenuse The side opposite the right angle in 
a right triangle. 


hypotenuse 


legs 


improper fraction A fraction in which the 
numerator is greater than or equal to the 
denominator. 
Examples: tenets tl 
ns Sane | 
inequality (<, #, >) In arithmetic, a relation 
indicating that the two numbers are not the same. 


intersection of sets The intersection of two sets 
is the set of elements common to both of the sets. 
lf A and B are sets, A (\ B denotes the intersection 
of the sets. 


B 


ba ANB = {c} 


least common denominator The least common 
multiple of two denominators. The least common 


denominator of A and 2 iSmizs 
4 6 


least common multiple The smallest non-zero 
number that is a multiple of each of two given 
numbers. The least common multiple of 4 and 6 is 12. 


length (1) A number indicating the measure of one 
line segment with respect to another line segment, 
called the unit. (2) Sometimes used to denote one 
dimension (usually the greater) of a rectangle. 


less than (<) One of the two basic inequality 
relations. Examples: 5 < 8, 25 < 28, 50 < 80. 


line A line is a set of points that “goes on and 
on” in both directions. There is only one line 
through any two points. 


line segment See segment. 


lowest terms A fraction is in lowest terms if the 
numerator and denominator of the fraction have no 
common factor greater than 1. 


measure (1) A number indicating the relation 
between a given object and a suitable unit. (2) The 
process of finding the number described in (1). 


metre A unit of length in the Metric System. 
A metre is 100 centimetres. 


midpoint A point that divides a line segment into 
two parts of the same size. 


minus (—) Used to indicate the subtraction 
operation, as in 7 — 3 = 4 (read, “7 minus 3 
equals 4”). 

mixed numerals Symbols such as 2% and 34. 


multiple A first number is a multiple of a second 
number if there is a whole number that multiplies 
by the second number to give the first number. 
Example: 24 is a multiple of 6 since 4 x 6 = 24. 








multiplication An operation that combines a first 
number and a second number to give exactly one 
number. The two numbers are called factors, and 
the one number which is a result of combining the 
two numbers is called the product of the two 
numbers. 

multiplication-addition principle (distributive 
principle) This principle is sometimes described 
in terms of ‘‘breaking apart’’ a number before 
multiplying. 
Example: 6 x (20 + 4) = (6 x 20) + (6 x 4) 


number line A line with a subset of its points 
matched with a subset of the real numbers. We 
say that the rational number line has “holes” in it 
because some points are not matched with rational 
numbers. The real number line is said to be 
“complete” because each point is matched with 
some real number. 


0 1 2 3 Cee 
The number lin 


oe. coed 0 1 2 3 ant... 
A positive and negative whole number line 


i ee 
ee a we O Seer SOe2e 922 BiliSirede. . 
The rational number line 





number pair Any pair of numbers. In this book, 
usually a pair of whole numbers. 


numeral A symbol for a number. 


numerator The number indicated by the numeral 
above the line in a fraction symbol. 


odd number Any whole number that is not even. 


one principle (for multiplication) Any number 
multiplied by 1 is that same number. 

one-to-one correspondence A one-to-one 
correspondence exists between two sets when the 
elements of one can be matched with the elements 
of the other in such a way that each element of the 
first set is matched with exactly one element of the 
second set and each element of the second set is 
matched with exactly one element of the first set. 


order principle (commutative principle) When 
adding (or multiplying) two numbers, the order of 
the addends (or factors) does not affect the sum 
(or product). 
Examples:4+5=5+4 
22eSe= Saxe2 
parallel lines Two lines which lie in the same plane 
and do not intersect. 
parallelogram A quadrilateral with its opposite 
sides parallel. 
parentheses A pair of curved symbols, (_ ), used 
to indicate grouping or order of performing 
operations. ‘ 
Examples: (5 x 4) —2 = 18 
Bx (4 — 92) 10 


pentagon A five-sided polygon. 


perimeter The sum of the lengths of the sides of 
a given polygon. 


period In arithmetic, each set of three digits 
indicated by spacing when writing a numeral is 
called a period. These periods are called (right to 
left) units’ period, thousands’ period, millions’ 
period, and so on. 


Example: 3 4 2 674 208 
millions’ thousands’ units’ 
period period period 

perpendicular lines Two lines that intersect in 
right angles are perpendicular to each other. 

place value A system used for writing numerals for 
numbers, using only a definite number of symbols 
or digits. In the numeral 3257 the 5 stands for 50; 
in the numeral 36 289 the 6 stands for 6000. 

plus (+) Used to indicate the addition operation, as 
in 4 + 3 = 7 (read, ‘4 plus 3 equals 7”). 

polygon A closed geometric figure made up of 
line segments. 

prime number A number greater than 1 whose 
only factors are itself and 1. 


product The result of the multiplication operation. 
In6 x 7 = 42, the product of 6 and 7 is 42. 


prism A three-dimensional figure whose bases are 
congruent polygons in parallel planes and whose 
faces are parallelograms. 


protractor An instrument used for measuring angles. 


pyramid A three-dimensional figure with a 
polygonal base and triangular lateral faces. 


la 


quadrilateral A four-sided polygon. 

quotient The number (other than the remainder) 
that is the result of the division operation. It may be 
thought of as a factor in a multiplication equation. 

radius (1) Any segment from the centre point to 
a point on the circle. (2) The distance from the 
centre point to any point on the circle. 


B 


ratio A pair of numbers used in making certain 
comparisons. The ratio of 3 to 4 is written 


3:4 or 2 : 
4 
ray The heavy part of the line shows a ray. 
line 
A 
Gan 
ray 


rectangle A quadrilateral that has four right angles. 


regrouping A method of handling place value 
symbols in adding or subtracting numbers. 
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Example: 6 
7)47 
42 

5 <— remainder 


remainder: 


repeated addition Finding the sum of a set of 
numbers, each of which is the same. 


Example:5+5+5+5 
repeated subtraction Starting with a number and 


repeatedly subtracting the same given number from 
each difference that is obtained. 


rhombus _ A parallelogram with 4 sides of the same 
size. 


right angle An angle that has the measure of 90 
degrees. 


right triangle A triangle that has one right angle. 


Roman numerals Numerals used by the Romans. 
Used primarily to record numbers rather than for 
computing. Examples: IV, IX, XIV. 


rotation A motion in which a given figure is turned 
about a fixed point. 


scale drawing A drawing constructed so the ratio 
of all the dimensions in the drawing to those 
of the actual object is the same. 


segment Two points on a line and all the points on 
that line that are between the two points. 


sequence A collection or set of numbers given in a 
specific order. Such numbers are commonly given 
according to some rule or pattern. 


set A group or collection of objects. 


simple closed curve Can be thought of as a loop 
of string on a flat surface that does not cross itself. 


Napnsage 


solution The number or numbers which result from 
solving an equation or a given problem. 


solve To find the number or numbers which, when 
substituted for the variable or placeholder, make 
a given equation true. 


square A quadrilateral that has four right angles 
and four sides that are the same length. 


subtraction An operation related to addition as 
illustrated: 


5 Sy 
7+8=16< 
{oes 


sum. The result obtained by adding any set of 
numbers. 


symmetric figure A figure that can be folded in 
half so the two halves match. 
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tangent A line is tangent to a circle if the two 
figures are in one plane and have exactly one 
point in common. 


A 


Line AB is tangent 
to the circle 
at point C. 


tessellation A repeated pattern of regions that can 
cover a plane. 


03 ico: 


times ( Used to indicate the multiplication 
phos asin3 x 4 = 12 (read, “3 times 4 
equals 12’). 


translation A motion in which each point of a 
figure is moved the same distance and the same 
direction. 


trapezoid A quadrilateral with at least one pair 
of parallel sides. 


triangle A three-sided polygon. 


triangular pyramid A 4-sided space figure that 
has triangular regions for all faces. 


union of sets’ If A and B are sets, then A ) B (the 
union of A and B) is the set consisting of all 
elements that belong to at least one of the two sets. 


A B 


ANB = (a, 0c a0) 


unit An amount or quantity adopted as a standard 
of measurement. 


vertex The point that the two rays of an angle 
have in common. 


vertex 


volume The measure, obtained by using an 
appropriate unit (usually a cube), of the interior 
region of a space figure. 


whole number Any number in the set 
[usp  Stwt2neie lan Rel ais area 

zero principle (for addition) Any number added 
to zero is that same number. 





Tables of Measures 





10 millimetres (mm) 1 centimetre (cm) 1000 millimetres = 1 metre 
10 centimetres = 1 decimetre (dm) 100 centimetres = 1 metre 


10 decimetres = 1 metre (m) 10 decimetres = 1 metre 


1000 metres = 1 kilometre (km) 1/1000 kilometres = 1 metre 


60 seconds (s) =1 minute (min) 52 weeks = 1 year (yr) 
60 minutes = 1 hour (h) 12 months (mo) = 1 year 
24 hours = 1 day 365 days = 1 year 


7 days = 1 week (wk) 366 days = 1 leap year 


10 millilitres (ml) = 1 centilitre (cl) 
10 centilitres = 1 decilitre (dl) 
10 decilitres= 1 litre (/) 


1000 litres = 1 kilolitre (kl) 


1000 grams (g) = 1 kilogram (kg) 


1000 kilograms = 1 tonne 
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A 


Abacus, 22-23 
Activity Cards, 333-341 
Addends, missing, 50 
Addition 
basic principles for fractional 
numbers, 240 
basic principles for whole 
numbers, 62 
clock arithmetic, 322-323 
decimals, 258 
facts, 52 
fractional numbers, 226-235 
-multiplication principle, 64 
repeated, 48 
Algorithm 
addition and subtraction of fractional 
numbers, 226-231, 234 
division of fractional numbers, 294 
long division, 160, 162 
multiplication of fractional 
numbers, 288 
short division, 140 
Angles 
acute, obtuse, right, 79 
comparing, 77 
congruent, 76-77 
measure, 78 
and rays, 75 
right, 79 
Area 
of a polygon, 90 
of a rectangle, 90 
surface, 278 
of triangles, 92 
Associative principle 
addition of fractional numbers, 240 
addition of whole numbers, 62 
multiplication of fractional 
numbers, 292 
multiplication of whole numbers, 62 
Automatic multiplier and divider, 48 
Averages, 138-139 


B 


Base 
five and six, 32 
four, 32, 34 
ten, 24, 33 
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Base-ten machine, 24 
Billions, 26 


C 


Centimetre, 73; square, 90 
Clock arithmetic 
modulo four, 326 
modulo twelve, 322-324 
Commutative principle 
for addition of fractional 
numbers, 240 
for addition of whole numbers, 62 
for multiplication of fractional 
numbers, 292 
for multiplication of whole 
numbers, 62 
Comparing angles, 77 
Computing with base four, 34 
Cone, 268 
Congruent 
angles, 76 
segments, 70 
triangles, 84 
Co-ordinates, graphing, 302 
Cube, 269; surface area, 278, 280 
Cylinder, 268 


D 


Decimals 
addition and subtraction, 258 
‘and fractions, 252-257 
and metric units, 262 
and money, 260 
Degree, 79, 81 
Denominator, 188; least common, 232 
Differences and missing addends, 50 
Distance, 152 
Distributive principle, 122 
Division 
divisors and quotients between 10 
and 100, 156 
and money, 164 
facts, 52 
fractional numbers, 294 
long division algorithm, 160, 162 
multiples of 10 as divisors, 144 
whole numbers, 102 
quotients, 132, 162 
short division algorithm, 140, 160 


three-digit quotients, 136 
two-digit divisors, 146 
zero in, 51 


E 


Egyptian numerals, 36 
Equations, solving, 56-57 
Equivalent fractions, 190-197 
checking, 196 
lower and higher terms, 200 
sets of, 194-195 
Estimation, 104, 106, 108-109 
multiples of 10 and 100, 96-99 
to find quotients, 134 


Ec 


Factors 
finding, 170-171 
greatest common, 178 
missing, 50-51 
prime, 174 
trees, 172 
two- and three-digit, 124 
Facts, addition, subtraction, 
multiplication, and division, 52 
Figure patterns, 14 
Flow chart, 100 
Fractional numbers 
addition and subtraction, 226-231, 234 
basic principles, 240, 292 
dividing by, 294 
division algorithm, 295 
equality, 210 
function machine, 296 
greater than one, 236 
inequalities, 214 
introduction, 210 
least common denominator, 232 
measurement, 246 
mixed numerals, 236 
multiplication and division, 288-296 
names for, 212, 236, 238 
ratio, 218 
shortcut for adding and 
subtracting, 234 
subtraction with renaming, 244 
sums and differences, 228 
Fractions 
checking equivalent, 196 


























and decimals, 252-257 

equivalent, 190-197 

for comparison, 198 

improper, 198 

least common denominator, 232 

and length, 208 

lowest terms, 200 

mixed numerals, 236 

and number pairs, 186 

numerator and denominator, 188 

product of whole number and 

fraction, 290 

to represent length, 208 
Functions, graphing, 318 
Function machine 

addition and subtraction, 46-47, 50 

fractional numbers, 296 

graphing functions, 312, 318-319 

multiplication and division, 46-47, 

50, 102 

patterns, 14 

Function rule, 46, 54 


G 

Geoboard, 92, 308 

Geometry 
angle measure, 78-81 
area and perimeter, 128 
area of polygons, 90 
area of rectangle, 90 
area of a triangle, 92 
congruent angles, 76 
congruent segments, 70 
congruent triangles, 84 
copying triangles, 84-85 
different points of view, 282 
faces, vertices, and edges, 284 
line of symmetry, 82, 306 


parallel, intersecting, and perpendicular 


lines, 74-75 

perimeter of polygons, 88 

points, lines, and segments, 68 

protractor, 80 

rays, 68 

rotations, 308 

space figures, 268-285 

tessellations, 314 

translations, 310 

volume of space figures, 276 
Graphing 

co-ordinates, 302-303 

enlarging figures, 312 

functions, 318 

negative whole numbers, 316-319 

symmetric figures, 304 


Greatest common factor, 178 

Greek numerals, 36 

Grouping principle, see Associative 
principle 


H 


Hemisphere, 269 
Hexagonal pyramid, 269 


Improper fractions, 198 

Inequalities, fractional 
numbers, 214 

Intersection 


of lines, 74 
of sets, 176 
Inverse operations, 50 


48 


Least common denominator, 232 
Least common multiple, 180 
Length, 72 
Line(s) 
parallel and intersecting, 74 
perpendicular, 75 
points and segments, 68 
of symmetry, 82, 306 
Logic and sets, 8, 10 
Lowest terms for fractions, 200 


M 


Mathematical Activities, 333-341 
Mathematical patterns, 12, 16 
Measurement 
of angles, 78-81 
area, 90-93, 128 
centimetre, 73 
fractional numbers, 246 
length, 72 
metric units and decimals, 262 
perimeter of polygons, 88 
protractor, 80 
surface area, 278 
volume, 276 
Metric units and decimals, 262 
Millions, 26 
Modulo arithmetic, see Clock 
arithmetic 
Money 
addition and subtraction, 118 
and decimals, 260 


multiplication-division problems, 164 


Multiples 
common, 180 
of 10 as divisors, 144 
of 10 and 100 in estimation, 98 
of 10 and 100, nearest, 96 
Multiplication 
-addition principle, 64 
basic principles, 62, 64, 292 
and division of whole numbers, 48 
facts, 52 
fractional numbers, 288-293 
greatest common factor, 178 
modulo twelve, 324 
and money, 164 
prime factors, 174 
products and quotients, 102 
two- and three-digit factors, 124 


N 


Numbers 
fractional, see Fractional numbers 
prime, 174 
sets of, 6 
symbols for, 20, 40 
Number line 
fractional numbers, 210 
and multiplication of fractional 
numbers, 289 
stacks, 60 
whole number, 58 
Number pairs and fractions, 186 
Numerals 
base four, 32 
mixed, 236 
other numerals, 37 
Roman, 36 
Numerator of a fraction, 188 


O 


One principle for multiplication 
fractional numbers, 292 
whole numbers, 62 

Operations 
base four, 34 
reasoning, 42 
related, 44 

Order principle, see Commutative 
principle 


P 


Parallel lines, 74 
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Parallelogram, 86 
Perimeter of polygons, 88, 128 
Perpendicular lines, 75 
Place value 

abacus, 22-23 

base four, 32, 34 

base-ten machine, 24 

base ten, 24, 33 

block, layer, rod, units, 22 

inequalities, 28 

large numbers, 26 
Polygons 

area, 90, 128 

perimeter of, 88, 128 

using tangram pieces, 86 
Primes, 174-175 
Principles 

fractional numbers, 240, 292 

whole numbers, 62-65 
Prism 

hexagonal, pentagonal, octagonal, 285 

rectangular, 268 

square, 269 

triangular, 269 
Products 

finding, 122 

of prime factors, 174 

and quotients, 102 

special, 100 
Protractor, 80-81 
Pyramid 

hexagonal, 269 

rectangular, 274 


0 


Quadrillions, 27 
Quintillions, 27 
Quotients 
and missing factors, 50 
and products, 102 


R 


Rate, 152 
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Ratio, 218 

Rays, 68, 75 

Rectangle, 90 

Rectangular prism, 268; volume 
of, 276 

Rectangular pyramid, 274 

Regrouping, subtraction, 116-117 

Repeated addition and 
subtraction, 48 

Rhombus, 86 

Roman numerals, 36 

Rotations, 308 


S 
Scale drawing, 220-221 
Segments(s) 
congruent, 70 
length of, 72 
Sets 
of equivalent fractions, 192-195 
of numbers, 6 
and logic, 8, 10 
patterns, 12-17 
reasoning, 4 
union and intersection, 176 
using figure cards, 8 
Space figures 
basic, 268-269 
different points of view, 282-283 
drawing, 274-275 
faces, vertices, edges, 284-285 
models of, 272-273 
planes, lines, points, 270-271 
surface area of, 278-281 
volume of, 276-277, 280-281 
Sphere, 268 
Square prism, 269 
Subtraction 
decimals, 258 
facts, 52 
finding differences, 116 
of fractional numbers, 226-231, 
234, 244 
modulo twelve, 322-327 


regrouping, 117 

repeated, 48 

skills, 116 
Surface area, 278 
Symbols, number, 20, 40 
Symmetry, 82, 306 


T 


Tangram, 86-87 
Ten 

base, 24, 33 

multiples of, 96-99 

multiples of, as divisors, 144 
Tessellations, 314 
Time, rate, and distance, 152-154 
Torus, 269 
Translations, 310 
Trapezoid, isosceles, 87 
Triangles 

and symmetry, 82 

area, 92 

congruent, 84 

equilateral, isosceles, right, scalene, 82 
Triangular prism, 269 
Trillions, 26-27 
Truncated cone, 269 
Twelve, modulo, 322-327 


U 


Union and intersection of sets, 176 


V 


Volume, rectangular prism, 276 


W 


Whole numbers 
basic principles, 62-65 
and fractional numbers, 290 


Z 


Zero 
division, 51 
principle, 62 
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INVESTIGATING MATHEMATICS LEARNING 


I. Some Thoughts About Learning 

Almost everyone 
has some observations on teaching and learning. A 
recent quote that has been making the rounds is: “If 
we tried to teach children to speak, they would never 
learn.””’ However, in The Process of Education (Har- 
vard University Press, 1960), Jerome Bruner ob- 
serves, ‘‘Any subject can be taught effectively in some 
intellectually honest form to any child at any stage of 
development.” But Linus (of Peanuts cartoon fame), 
considerably less optimistic, laments: ““How can I 
learn ‘New Math’ with an ‘Old Math’ mind?” 

In a more critical vein, John Holt in How Children 
Fail (Pitman Publishing Co., 1964) asserts: “In our 
classes, we begin with words, carry on with words, 
and often fail to get beyond words.” He also says, 
‘All too often the mathematics classroom becomes a 
temple of worship for the right answers, and the way 
to get ahead is to lay plenty of them on the altar.”” We 
know, of course, that many teachers for many years 
have been doing an excellent job helping elementary 
school children learn mathematics. Yet, it is worth- 
while for us to reevaluate our approaches and, if pos- 
sible, find even better ways to create situations where 
children learn more effectively. 

The implications of the research of Piaget and others 
in how children learn mathematics and the observa- 
tions of countless classroom teachers concerning the 
directions we should take are well summarized by a 
familiar Chinese proverb: 


I hear and I forget. 

I see and I remember. 

I do and I understand. 
The message of this proverb is that hearing and seeing 
are not enough: to learn with understanding, the child 
should experience active involvement with mathemat- 
ical ideas. In order for the child to become actively 
involved, it has been found that the use of physical 
materials which contain the seeds of the mathematical 
ideas are valuable and often necessary. Coupled with 
the idea of active involvement with physical materials 
is the idea that teachers should encourage student re- 
sponsibility and create conditions in which the student 
is not always encouraged to rely solely on the teacher 
but rather to take initiative for figuring out some things 
for himself. 


Z. P. Dienes summarized a multitude of suggestions 


from researchers and teachers when he said: “It is 
suggested that we shift the emphasis from teaching 
to learning, from our experience to the children’s, in 
fact, from our world to their world.” 


Teachers vary considerably in their views of how 
best to help children become actively involved with 
mathematics. While one teacher desires to convert his 
classroom immediately into a mathematics labora- 
tory, another teacher may prefer a very modest begin- 
ning with a limited amount of active student involve- 
ment with physical materials inserted into his usual 
classroom approach. In this text we suggest a number 
of approaches for modest beginnings and indicate 
ways in which these approaches might be expanded 
to provide for a total laboratory approach and a more 
extensive individualized program. 

To introduce one possible approach, let us simulate 
a teaching strategy by outlining one way to organize 
a specific lesson. Thus, suppose a teacher wanted to 
devise a lesson which would help children understand 
the idea of congruent segments in geometry. First the 
teacher provides each child with a geoboard and a 
sheet containing several S-by-5 arrays of dots. Then 
he reviews, very briefly, the idea of a segment and the 
endpoints of a segment. Next, after helping the chil- 
dren see that they can use a rubber-band around two 
nails to represent a segment on the geoboard, he passes 
out the investigation suggested in Figure 1. 


INVESTIGATION 


How many different 
segments with endpoints just 
as far apart as these can you 


find on your geoboard? 
Record your results on 
dot paper. 





Figure 1 


The teacher may choose to have chairs or desks re- 
arranged so that children can communicate with each 
other as they become involved in the investigation. 
The teacher will check to be sure that everyone under- 
stands the investigation question; then he should en- 
courage the children to find their own way to answer 
the question and record their findings. (To gain a fuller 
appreciation of an investigation situation, play the role 
of the child and complete the investigation yourself.) 

Brief discussions among children or between teacher 
and children may occur during investigations, but the 
main discussion is most effective after the investiga- 
tion has been completed. At this time, the teacher 
might ask such questions as: ‘How many different 
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segments did you find?” ‘“‘How can you be sure that 
you have found all such segments?” ‘‘How could you 
convince someone that each of your segments has end- 
points just as far apart as all the others?” Such ques- 
tions could then be followed up with a definition of 
congruent segments: When the endpoints of one seg- 
ment are just as far apart as the endpoints of another 
segment, we say the segments are congruent. Then 
ask, ““Can you think of some other ways to tell when 
two segments are congruent?’ This question might 
lead into a discussion of how tracing paper, com- 
passes, or marks on the edge of a piece of paper can 
be used to determine whether or not two segments 
are congruent. 

After the children have discussed the ideas, the 
teacher may provide them with some problems which 
utilize these ideas. The child would probably be en- 
couraged to use the ideas for testing congruence of 
segments that were developed in the discussion. The 
following are examples of possible exercises. 


1. Find 2 segments below that are congruent to each 
other. 





2. Name each pair of congruent segments in this 
picture. 


J K 


A B 
E G 


One way to individualize a lesson is through an 
extension of the exercises. Extending the exercises 
can provide for remediation, reinforcement, or enrich- 
ment. As an extension to individualize this lesson, the 
teacher might give certain students the follow-up in- 
vestigation below. (For a fuller appreciation of this 
lesson, complete the exercises and the investigation 
yourself.) 


INVESTIGATION 


Segment AB is not 
congruent to segment CD. 
How many different 


segments (no two congruent) 
can you find on your 
geoboard? Record your 
results on dot paper. 





Figure 2 


This abbreviated ‘“‘lesson’”’ provides a preview of 
one possible technique for encouraging children to 
become actively involved with physical materials in 
situations where they take more responsibility in the 
learning of mathematical ideas. 

In the next section of this text, the parts of lessons 
such as the one described above will be analyzed and 
discussed. An outline for planning such lessons will 
be given, and various suggestions for carrying out each 
part of such a lesson will be proposed. 

Since the investigation phase of the lesson provides 
the encouragement for active involvement by the child 
and since the kind of investigation used depends upon 
the type of learning involved, Section III in this text 
will focus on specific types of learning in elementary 
school mathematics. For example, the “lesson” de- 
scribed above helped children learn the concept of 
congruent segments; other lessons might be concerned 
with developing a skill, forming a generalization, learn- 
ing a fact, or developing an attitude. Each type of 
learning will be analyzed and related to activity- 
oriented lessons that provide modest beginnings 
toward an active approach to mathematics learning. 

Edith Biggs and James MacLean, in their book 
Freedom to Learn (Addison-Wesley, 1969), state: ““A 
few schools scattered throughout the world are re- 
sponding with some speed to a message which has 
been repeated with increasing urgency for some 
three hundred years. It is a simple message: Schools 
should be organized, not for teachers to teach, but for 
children to learn.” In the same book, there appears 
an extensive list of “homemade” materials and de- 
vices that can be easily acquired for use in the mathe- 
matics classroom. Many materials, from newsprint 
and drinking straws, to string, popsicle sticks, beans, 
and homemade geoboards, can be made available to 
children at minimal cost. Rather than dismiss the 
possibility of actively involving children with mate- 
rials in the classroom because no funds are available, 
a teacher should study this list carefully; he may be 
amazed by how much can be done with minimum 
expense. 

Teachers sometimes feel that to involve children 
with physical materials and allow them to communi- 
cate with other children in the classroom is to invite 
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chaos. On the contrary, it has been found that, when 
children really become involved in using materials to 
investigate a situation, there may be a bit more low- 
keyed noise about the room but the usual discipline 
problems are almost nonexistent. It is helpful if there 
are tables available in the classroom so that children 
can work in small groups. If tables are not available, 
desks could be moved to assist in small-group work. 
On occasion, an investigation might call for children 
to leave their desks and to engage in other activity in 
the room. A simple set of “ground rules” should suf- 
fice to make the situation quite manageable. 

It is interesting to consider the number of elemen- 
tary school teachers who prefer to say that they are 
‘helping children learn mathematics” rather than that 
they are ‘“‘teaching mathematics.’’ What one says, of 
course, does not always describe accurately what one 
does. It does seem important, however, in the light of 
recent studies and observations about how children 
learn mathematics, to focus on the child and try to 
create an environment in which the child has a greater 
opportunity to make decisions and to become really 
interested in his study. It is hoped that the following 
sections of this teachers’ text will provide some ideas 
which may help you improve your ability to “help 
children learn mathematics.” 


EXERCISE SET 1 

1. What was your reaction to the investigations in this 
section? A Did you become involved in the activ- 
ity? B Were you interested? C Did you watch the 
clock? D Did you talk to anyone else while com- 
pleting the investigation? (If so, was it helpful?) 
E Did the investigation situation help you better 
understand the idea involved? F What other feel- 
ings did you have? 

2. Which quotation in this section seemed most sig- 
nificant to you? Why? 

3. A Do you think most teachers teach the same way 
they were taught as elementary school children? 
B What do they do differently? C What are some 
ways you think our teaching of elementary school 
mathematics might be improved? 

4. Look through the Investigating School Mathe- 
matics text at your grade level. How do the com- 
ments in this first section of the text relate to the 
approach taken in the child’s text? 


IJ. A Plan for a Learning Experience 


First consider 
the practical matter of how the teacher proceeds in 
the daily task of helping children learn mathematics. 
A structured outline (inherently flexible) around which 
daily learning experiences may be planned can be a 
valuable organizational aid for the teacher and can 
give him a fresh insight into the role of new approaches 
to instruction. 
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Here is the outline that was used in planning the 
‘‘lesson”’ in Section I. It has proven to be quite useful, 
especially for those teachers who have desired to 
make a beginning toward providing children more 
opportunities for active involvement with mathemat- 
ical materials and ideas. 


Preparation and Investigation 
Discussion 
Utilization and Extension 


Since this outline offers a variety of possibilities for 
a teacher to reevaluate his approach to classroom 
instruction, the following sections provide an exami- 
nation of its individual elements. 
PREPARATION AND INVESTIGATION 

The investigation phase (often called simply “the 
investigation’’) is central to the learning experience. 
In this phase, the children are encouraged to become 
actively involved, individually or in groups, in the 
investigation of a situation that contains the seed for 
the central idea of the lesson. The investigation should 
be the ‘‘main event” in terms of pupil activity and in- 
volvement. The teacher should think of the investiga- 
tion as a child-centred activity. Completion of the 
investigation in Figure 3 will help clarify the ideas of 
investigation. 


INVESTIGATION 


Can you find an investigation in a text from 
the Investigating School Mathematics series that 
(a) uses centimetre strips? 

(b) utilizes paper folding? 
(c) has a question like ““How many can you 


find?” 
(d) involves the geoboard? 
(e) encourages children to use graph paper? 
(f) asks the children to record their findings? 
(g) directs the children to use reference 
material? 


Figure 3 


Homemade or commercially produced manipulative 
materials often provide the stimulus for the situation 
to be investigated. At other times, even more simple 
teacher-devised activities provide this stimulus. For 
example, the suggested investigation in Figure 4 might 
have been made by a teacher to initiate an investiga- 
tion in a lesson designed to help children form the 
generalization, ‘““You can rearrange three addends any 
way you please, and the sum will always be the same.”’ 

Sometimes by asking appropriate questions about 
a situation of interest to the children the teacher may 
involve them in an exploration of a central idea to be 
developed. 

Regardless of how an investigation is initiated, a 
teacher should remember that the investigation situa- 
tion is specifically designed to encourage children to 


INVESTIGATION 


Make three slips of paper like these. 


Then turn them over and mix them up. 
Pick any two slips and add the numbers 
on them. Then add the number on the 
other slip. 


If you do this five times, will you 
get the same number each time? 


Figure 4 


take responsibility for the thinking and exploring. Too 
much “‘teacher help” can hinder the achievement of 
these aims. 

In an investigation, it is not uncommon to see chil- 
dren deeply involved and assuming full responsibility 
for completing the task at hand. The teacher, who 
plays a key role in initiating the investigation, may 
appear not to be needed as he moves about the room. 
Occasionally, a brief discussion between teacher and 
child occurs, but most of the larger-group discussion 
occurs after the investigation. The investigation itself 
should embody an attitude toward learning that could 
be easily stifled by too many words from the teacher. 
Perhaps, in an investigation, a new adage should re- 
place the old: the teacher, rather than the children, 
should be “‘seen but not heard.” 

The investigation is predicated on the assumption 
that the best way to minimize the need for words is to 
substitute an appropriate question for a wordy expla- 
nation at a time when a child’s interest in a mathe- 
matical situation is beginning to ripen. 

For example, suppose a certain group of children 
understand the concept of a triangle and are ready to 
consider characteristics that distinguish one type of 
triangle from another. An appropriate question to 
initiate an investigation might be the one shown in 
Figure 5. (Try this investigation yourself.) 


INVESTIGATION 


How many triangles with 
different shapes can you make 
that have no nails inside? 


Figure 5 








This question is both activity-stimulating and activ- 
ity-sustaining. It helps involve the child in a search 
which he will continue with little further motivation. 
Notice also that the answer is not as important as the 
experiences the child will have as he responds to the 
question. Further, the question is sufficiently clear 
that the child immediately becomes involved with the 
challenge of the investigation rather than dissipating 
energy in efforts to understand the question. Another 
characteristic of this type of question is that it provides 
for individual differences: when the child is asked 
‘‘“How many can you find?” he can feel successful 
even if he finds only one. Of course, not all investiga- 
tions can or should be introduced by this type of ques- 
tion, but it is important for the teacher to recognize 
that as the children respond to these questions, they 
will achieve in widely differing ways. In an investiga- 
tion, the teacher should give recognition for all levels 
of achievement. 

It should be noted that the amounts of time used 
for the investigations may vary considerably. One 
investigation may involve a very brief “happening”’ 
which sparks a simple idea within the child. Another 
investigation may utilize a large part of the period of 
time available for the mathematics lesson and might 
involve the child in a sustained exploration of a game 
or a set of manipulative materials. 

To set the stage for an investigation of any duration, 
a preliminary preparation phase is sometimes needed. 
This phase provides for a brief review of key ideas 
needed for the investigation and for any motivational 
activity helpful in introducing it. This phase should be 
kept fairly short and care should be taken to see that 
this preliminary work does not preempt the central 
idea or activities involved in the investigation or the 
work that follows it. 

In summary, the investigation phase is the child- 
involvement phase. It often requires materials, and is 
usually motivated by a carefully selected question 
which focusses the student’s attention on the central 
idea of the lesson. Proper consideration of this phase 
in your lesson planning can be highly rewarding. 


EXERCISE SET 2 

1. Find some investigations in the Investigating 
School Mathematics text that contain features not 
mentioned in Figure 4. 

2. Choose a lesson from an Investigating School 
Mathematics text and write a description of the 
role you think the teacher would play in using the 
investigation phase of the lesson. 

3. Choose an idea to be taught and prepare an inves- 
tigation situation which has the potential of involv - 
ing the child in working with this idea. 

4. Two investigations follow. Give the central idea 
of a possible lesson based on the use of each 
one. 


T« 


INVESTIGATION 


Cut out 7 slips of paper. Put Bue [+] 


one of these numerals or one Gala 
of these signs on each one. 


How many different equations with 3 addends 
can you write with your slips of paper? 
Record each equation you find. 


INVESTIGATION 


The graph paper shows two 
different ways to arrange 12 
counters in a rectangular 
array. 


How many different ways can you arrange 24 
counters in a rectangular array? Record your 
findings by drawing pictures on graph paper. 





5. Here is an interesting investigation you may like to 
try. Through it, you will be introduced to a basic 
idea of mathematics. Be sure to record your find- 
ings and be ready to discuss them further in the 
next section. 


Copy and continue 
this array of numbers 
until you reach 52. 


Then circle all the 
prime numbers in the 
array. 


Notice that the numbers 

in the right-hand column can be written 
as 4 X (a whole number). 

For example: 8 = 4 X 2, 12=4 x 3, 
and 20=4~x 5S. 


Can you make a statement about prime numbers 


that is suggested by this activity? 





DISCUSSION 

Following the investigation, a discussion phase 
allows teacher and children to further share ideas ina 
discussion of what they found in the investigation. The 
teacher has an excellent opportunity in this phase to 
ask questions and to supply examples to help chil- 
dren further develop their understanding of the ideas 
germinated by the investigation. 
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Another valuable aspect of the discussion phase 
is that it provides additional opportunities for children 
to communicate with other children as a means of 
shaping their ideas. In a good discussion, it is not 
unusual for children, having reached an impasse in 
their thinking and communication about an idea, to 
ask the teacher if he can clarify the point. This is when 
the teacher as a resource person emerges. At other 
times, when ideas new to the teacher arise, the teacher 
participates in the discussion, not as a resource per- 
son, but as a fellow-learner. Both of these situations 
can contribute to a comfortable, meaningful discus- 
sion, but its potential benefits may never be realized 
if the teacher monopolizes the discussion to the extent 
that the children are denied the opportunity to draw 
their own inferences and make their own decisions. 
Since it is the child who is involved in the investiga- 
tion, the child’s ideas about the findings should be of 
primary importance, and the child should supply as 
many details leading to the understanding of the idea 
as possible. 

By listening to the child and asking appropriate 
questions, the teacher can build on the child’s initial 
ideas and help him develop a deeper understanding 
in preparation for further work. This understanding 
cannot be developed, however, by always asking ques- 
tions which require simply that a child remember a fact 
correctly or perform a practical skill. Nor is it suffi- 
cient to ask questions to which a child can respond 
with a guess of ““Yes”’ or “No.” Rather, the questions 
that should be asked often are those that require a 
deeper thinking on the part of the child. 

For examples of the more effective type of ques- 
tion, consider again the investigation described in 
Figure 7. This investigation, designed to set the stage 
for the development of the concepts of isosceles trian- 
gle, right triangle, scalene triangle, and equilateral 
triangle, might be followed by a discussion in which 
the teacher would ask questions such as the following: 


1. Can you choose a pair of triangles you found and 
describe ways in which one is different from 
another? 

2. In what ways are some triangles you found alike? 
(Note: Children may respond, “Some have a 
square corner,” ““Some have two sides the same,”’ 
“Some have no sides the same,” ‘‘Some are 
large,’ and so on.) 

3. How would you describe a triangle that is dif- 
ferent from any of the triangles you formed on 
the geoboard? 


As the teacher asks thought-provoking questions 
and listens to the children’s responses, he will be able 
to find ways to clarify the basic idea of the lesson and 
to prepare the children for the independent work 
which is to follow. It is in the latter stages of the dis- 
cussion that the teacher may want to explain more 
carefully, show additional examples, and, in general, 
lead the child to adeeper mastery of the ideas involved. 





EXERCISE SET 3 

1. Can you find a question in the ‘‘Discussing the 
Ideas” section of an Investigating School Mathe- 
matics text which A asks the children to recall 
something previously learned? B asks the children 
to restate or explain an idea in their own words? 
C asks the children to interpret a diagram, picture, 
or explanation? D asks the children to analyze a 
given situation? E asks the children to evaluate a 
given situation? 

2. What do you think about the effectiveness of the 
investigation described in Figure 5 as a means of 
meeting the goals indicated? 

3. Write five questions you might ask while conduct- 
ing a discussion in a mathematics lesson of your 
choice. 

4. The following discussion exercises refer to the 
investigation presented in exercise 5 of Exercise 
Set 2. A What statement did you make about prime 
numbers? B Can you find a prime number that does 
not appear in the first or the third column? Can you 
find more than one? C 4 X n is an algebraic expres- 
sion. What algebraic expression can you devise to 
describe the prime numbers in the third column? 
in the first column? D Of the prime numbers less 
than 100, which type of prime occurs more often? 
E 113 is a prime number. Which type of prime is it? 

5. Investigation questions may be open (“In how 
many ways can you measure a ball?’’) or closed 
(“Can you find the circumference and diameter 
of this ball?’’?). Discuss the merits of open and 
closed questions. 


UTILIZATION AND EXTENSION 


The utilization phase allows each child to work on 
his own and to use the ideas developed in the investi- 
gation and discussion phases. 

Often children need to practice recalling facts that 
have been developed or introduced in the lesson. 
Appropriate exercises requiring written answers are 
often valuable in providing this practice. 

In another lesson, a child may have learned an 
algorithm or a skill. In order to refine this skill, he may 
need considerable practice using it. Appropriately 
designed written exercises which children complete 
independently can be quite helpful in polishing these 
skills. 

In another lesson, a new idea may have been pre- 
sented. In order to become more familiar with this 
idea and to understand how it relates to other ideas, 
the child may need thought-provoking problems which 
involve the idea. The utilization phase presents an 
opportunity for the child to solve problems which 
involve ideas that have been presented previously or 
to look at an idea that is different but closely related to 
one he has already encountered. 

Creative activities for independent work can do 
much to extend the learnings developed in the inves- 


tigation and discussion phases. The utilization exer- 
cises in examples A and B below are sequenced in 
such a way that the child has an opportunity to dis- 
cover a new procedure or new ideas as a result of 
his work. 


EXAMPLE A 
Find the differences. 
US UW aT) 75 fhe 75 75 
—32 —33 —34 -—35 —36 —37 —38 
43 42 41 im im im a 


EXAMPLE B 





A D B 


What is the area of the region shaded dark gray? 

What is the area of the region shaded light gray? 

What is the area of the two regions together? 

What is the area of triangle ADC ? 

What is the area of triangle BDC ? 

What is the area of triangle ABC? 

The area of triangle ABC is what part of the entire 
shaded region? 


The teacher should appreciate the great potential 
value of discovery-sequenced exercises such as these, 
and should look for opportunities to make his own 
exercise sets using such sequences. Another set of 
utilization exercises might encourage the child to 
independently delve more deeply into the idea ini- 
tiated in the investigation. Further activities with 
mathematical materials often provide opportunities 
for the child to use and extend the idea of the investi- 
gation. Example C provides an opportunity for the 
child to reinforce his concept of symmetry. 


EXAMPLE C 
Do this to make symmetrical figures. 


Ge 


~IZO) 


Be 


Make a cut that 
starts and ends 
on the fold. 


Fold a piece 
of paper. 


Unfold the piece 
you cut out. It 
will be symmetrical. 


J-7 


Make cuts so that the unfolded shape will be: 
A arectangle D a square G a rocket 
B a leaf E a house H a hexagon 
C atriangle F a pumpkin I a butterfly 


Regarding the utilization phase, it should be noted 
that on occasion it may be more valuable to have pairs 
or small groups of children work the exercises to- 
gether. 

Finally, the extension phase provides for use of 
remedial, maintenance, or enrichment activities to 
further individualize the learning opportunities. This 
individualization offers- numerous advantages. The 
slower children can avoid the frustration of having to 
proceed to new ideas before the previously presented 
ideas are understood, and the more capable children 
are spared the tedium of completing long lists of drill 
problems involving ideas they already understand. 

The teacher might look for creative ways to meet 
individual differences in the ability to learn mathemat- 
ics. For example, the slower child might profit from 
additional drill on certain facts and skills. Drill tapes 
or audio cassettes made by the teacher might provide 
a novel way to present the necessary practice. Dupli- 
cator masters and commercial workbooks are also 
available to provide extra work for those who need it. 
For other situations, an appropriate programmed in- 
structional unit might serve the needs of the slower 
child. Single-concept film loops, which the child can 
play again and again, often are useful in helping him 
grasp an important concept. Appropriately conceived 
tutorial situations, in which classmates who under- 
stand the ideas work with children who do not, can 
be quite effective. Simple investigations utilizing phys- 
ical objects which clarify more abstract ideas can also 
provide remedial work for certain children. 

The teacher must also be concerned with those chil- 
dren who understand the basic ideas of the lesson and 
who can quickly work all the utilization exercises pro- 
vided. These children can often become quite inter- 
ested in activity cards which contain ‘‘open-ended”’ 
questions, such as the card shown below. (You are 
encouraged to try the suggested activity yourself.) 


ACTIVITY CARD 10 


In how many different ways 
can you measure yourself? 


Make as many different measurements of you 
as you can and make a chart to show the 
information. Here are just a few suggestions: 


Length of step 

Number of calories used 
Area of bottom of foot 
Distance you can jump 


Pulse 
Height 
Weight 
Arm span 





Activities such as these give the child an oppor- 
tunity to make his own decisions about which ideas 
he uses from the lesson and how he uses them. 

Puzzles or riddles can also provide a useful exten- 
sion of ideas for your children. Consider, for exam- 
ple, those shown in Figure 6. 


Think 


Draw a figure like this one 
on your paper. Place the 
numbers 2, 3, 4, 5, 6, 7, 8, 9, 


10, 11, 12 in the circles so 
that the sum along any line 
iSeeie 





Think 


I can be found halfway between 
Twenty-seven and seventeen. 


WHO AM I? 


Ani wade 





Figure 6 


Conceptually fertile games can also provide valua- 
ble experiences to supplement the basic lesson. For 
example, the game “Sleuth” (3M Company) is fun for 
children and gives them valuable experience in clas- 
sification and drawing logical inferences. 

The methods suggested for extending the ideas for 
slower children are often suitable for use in certain 
situations with more capable children. Similarly, the 
more exciting modes of extension suggested for faster 
children can often be quite stimulating and valuable if 
used appropriately for the slower children. 

It is to be hoped that the teacher will share a sense 
of excitement in providing extra stimulation to broaden 
the mathematical perspective of the children. Perhaps, 
he will also see that much of the extension activity 
can truly be fun for children while at the same time 
inspiring new interest and involvement in mathemat- 
ical ideas. In using this suggested lesson outline, if 
the teacher chooses to maximize the investigation 
phase while deemphasizing the others, it might justly 
be said he is using the laboratory approach. On the 
other hand, should he maximize the discussion phase, 
he may find increased options for a guided discovery 
approach to mathematics learning. Also, it is possible 
that maximization of the utilization phase accompa- 
nied by appropriate student materials would allow 
the teacher to embark on a course of individually pre- 
scribed instruction. 


EXERCISE SET 4 

1. Find an example of an exercise set in which a learn- 
ing sequence occurs in an Investigating School 
Mathematics text. 


2. Choose a mathematics topic and write a set of ex- 
ercises which might lead the student to discovery 
of a central idea. 

3. Can you find a lesson in an /nvestigating School 
Mathematics text in which the “Using the Ideas”’ 
section provides for varying degrees of student 
ability. 

4. Choose a learning experience appropriate for your 
children and list some possible specific activities 
for use in the extension phase of this learning ex- 
perience. 

5. Describe your views concerning the role of drill 
for slow, average, and bright children. 

6. Select and play a game that could be used to extend 
a lesson with children. 

7. In Exercise Set 2, you investigated an idea of 
mathematics. In Exercise Set 3, you had an oppor- 
tunity to discuss this idea. The exercises below 
enable you to use the idea you learned, and suggest 
an extension of the idea. 


Complete each exercise. 

A List five prime numbers of the “4n + 1” type that 
are greater than 50. 

B List five prime numbers of the “4n — 1” type that 
are greater than 50. 

C 997 is the largest prime number less than 1000. 
Isita  4ne tora 42 — 1% prime? 

D Suppose you used a continuation of the array of 
numbers shown below and circled all the prime 
numbers. What does this suggest about another 
way to classify the primes? 
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Ill. A Focus on Specific Types of 


Learning 
In considering 
the more specific aspects of mathematics learning it is 
helpful to categorize the general types of things chil- 
dren learn. A simplified categorization is given below. 


Concepts 

Skills 
Generalizations 
Facts 

Attitudes 


It is important to recognize that each of these types 
of learnings has unique characteristics. Because of 
this, the approaches and children’s activities chosen 
to promote these learnings may often be quite differ- 
ent. In the sections that follow, we will consider each 
of these types of learning and suggest possible ap- 
proaches and activities. 


CONCEPTS 

Suppose that a child is having difficulty and comes 
to the teacher for assistance. When the teacher asks 
what the difficulty is, the child points to the multipli- 
cation 9 X 6 and says, “I can’t do this because we 
haven’t had it yet.” This reflects a common attitude 
among children who have been in school for a few 
years. Somehow they learn to feel that they are in- 
capable of figuring out anything new in mathematics. 
Literally, they can do nothing that they “‘haven’t had 
yets” 

If this child had confidence in his ability to “figure 
something out” and had a clear understanding of the 
concept of multiplication, he could have found the 
product by perhaps adding sixes, using sets, or making 
jumps on the number line. Another child who knew 
no division “facts” but who had a clear concept of 
division (as illustrated below) could use his knowledge 
of multiplication to find any of the basic quotients 
desired. 


Pe SR kr 
72+8=n << _ You find this quotient, 
| iar) Cay hal 
when you find this factor. —~ nxX8=72 


A concept, then, may be thought of as an idea 
which, when properly understood, will help the child 
to solve problems he “‘hasn’t had yet,” to figure some- 
thing out for himself. As another example, consider 
the concept of prime number. Once a child under- 
stands that a prime number is a whole number with 
exactly two factors, he has the power, providing he 
understands how to find the factors of a number, to 
seek out and list those numbers that are prime. Of 
course, the task of deciding whether or not a given 
number is prime may be quite laborious, but under- 
standing the concept does give the child the power 
to succeed. 

To look more carefully at what concepts are and 
how they are taught, consider a model in which con- 
cept learning is relatively easy, namely, that of a 
set of attribute pieces. Suppose there are pieces of 
four different shapes (triangles, squares, circles, and 
rectangles), of three different colors (red, blue, and 
yellow), and of two different sizes (large and small), 
as pictured in Figure 7. (In the figures the colors red, 
blue, and yellow are denoted by the initials R, B, 
and Y.) 
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Figure 7 
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Now consider the Concept Card in Figure 8. 






CONCEPT CARD 
All of these are SMAFS. 
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None of these are SMAFS. 


rebel es el mon El 


Which of these are SMAFS? 
eMAanm A 


Figure 8 







If you study the preceding Concept Card carefully, 
you will develop the simple concept of a SMAF. 
Notice that the key means used to teach this concept 
is by examples, along with non-examples. Both exam- 
ples and non-examples play important roles in teach- 
ing many concepts in mathematics. The concept of a 
triangle may be taught to young children by using the 
Concept Card in Figure 9. 





CONCEPT CARD 
All of these are triangles. 
[Maar 


VGC 


None of these are triangles. 
























Which of these are triangles? 
eae 


Figure 9 


\ 


Clearly, the child would need further experiences in 
order to develop fully the concept of triangle, but the 
beginnings are embodied in the Concept Card shown 
in Figure 9. 

One of the important ideas to remember when con- 
sidering concepts is that concepts, unlike some other 
things that children learn, are developed over a period 
of time. Simple concepts may be developed very 
quickly, but other, more complicated concepts must 
be germinated when the child is very young and broad- 
ened through a spiralling. return to the concept at 


various stages throughout the child’s development. . 


Many concepts are not fully developed until the child 
becomes an adult and encounters the idea in a variety 
of situations. For example, the concept of a fraction 
or fractional number may be introduced in grade 1 or 
grade 2, but a full understanding of this concept may 
not come until many years later. The child may ac- 
quire only an embryonic idea of a concept the first 
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time it is presented, so it is important for the teacher 
to recognize the true nature of concepts and be willing 
to return often to the idea and carefully nurture its 
growth within the child. If he does not expect com- 
plete mastery after the initial presentation, he will 
spare himself considerable frustration when he recog- 
nizes later that the child needs further development 
of the basic idea. 

Another key feature of concept learning suggested 
by the experiments of Piaget and supported and ex- 
tended by the theories developed by Z. P. Dienes 
concerns the role of physical manipulative materials 
in young children’s concept learning. In general, the 
implication of these authors’ works is that it is 
through child involvement with physical environment 
that a firm basis for the development of more abstract 
concepts is laid. In fact, it is suggested that concept 
learning is facilitated by exposing children to as many 
different physical situations which embody the con- 
cept as possible. 

It should be recognized that there are different 
levels of concept development and different types of 
concepts within these levels. For example, in the very 
earliest stages of mathematical learning, most concept 
learning involves the concept of physical objects such 
as balls, blocks, and circular or triangular objects. 
Very soon, the concept of certain relations between 
objects is developed: above, below, taller, shorter, 
larger, wider, longer, behind, and so on. A subsequent 
stage involves the concept of a set of objects such as 
a set of golf clubs, a set of dishes, a box of crayons, a 
set of blocks, a collection of stamps, or the children 
in a classroom. A slightly higher level of concept 
learning involves relations between sets of objects: 
equivalent, equal, has more than, has less than, and 
so on. It is at this stage that the important concept of 
number arises. For, in a sense, the concept of num- 
ber involves a consideration of a set of equivalent 
sets. At a higher level of abstraction, the concept of 
certain relations between numbers (is less than, 1s 
greater than, is equal to, and so on) is developed. As- 
cending the ladder of abstraction, another level of 
development might involve the concept of sets of 
numbers, such as odds, evens, primes, composites, 
and perfects. 

Clearly, the realm of concepts is vast, and the ele- 
mentary teacher need not concern himself directly 
with many of the types of higher-level concepts. He 
must recognize, however, that the beginning stages 


-in the development of many important concepts occur 


in the elementary school and that, through utilization 
of a variety of manipulative materials and appro- 
priate strategies, he can do much to help the children 
learn concepts appropriate for their level. 


EXERCISE SET 5 

1. Use the attribute pieces shown in Figure 13. Invent 
a concept, name it, and make an appropriate con- 
cept card for it. 





2. Choose at least two Investigating School Mathe- 
matics concepts from the list given below and 
develop concept cards which illustrate the use of 
examples and non-examples to teach the concepts 
you have chosen. 

A quadrilateral 

B simple closed curve 

C odd number 

D greater than (the relation) 
E right triangle 

F is congruent to (the relation) 
G lowest-terms fraction 

H parallelogram 

I diagonal of a polygon 

J parallel lines 

K one half 

L isosceles triangle 

M equivalent sets _ 

N symmetrical figure 

3. Answer the questions on the sets of Creature cards 
from the set of attribute materials published by the 
Webster Division of McGraw-Hill Book Com- 
pany (if available). 

4. Choose an unusual concept of your own invention 
and make a concept card from which a person might 
discover your concept. 

5. The investigation in Figure | was used to teach the 
concept of congruent segments. Make a card to 
teach this concept using examples and non- 
examples. 

6. Complete ‘‘Learning a Concept” on pages I-18 and 
I-19; then answer the following questions. 

A What are some examples of the concept you 
learned? 

B Give some characteristics of the concept you 
learned. 

C What were your feelings about the lesson? How 
could the lesson be improved to make the learn- 
ing of the concept easier? 


POWER SKILL B 
— Bundles and Grouping 


20 + 7 


: Zi 
I000000 +48 


BS 
40 + 8 


S688 00000000. 


8 10000 


606 No 
hs: 


POWER SKILL C 
— Expanded Notation 
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SKILLS 


Broadly speaking, there are several types of skills 
that children develop in the elementary school. Hope- 
fully, many children will develop a skill in estimating 
distance, weight, capacity, and time. Some teachers 
may wish to help children develop skill in drawing 
geometric figures. Some teachers set goals for upper- 
grade children which include developing skills in 
reasoning and even in ‘“‘proof”’ of simple ideas. In ele- 
mentary mathematics the most fundamental skill, by 
far, is that of computation with whole and rational 
numbers. It is these specific computational skills in- 
volving addition, subtraction, multiplication, and divi- 
sion and the processes related to these operations with 
which we are particularly concerned in the discussion 
that follows. 

Two types of skills, power skills and speed skills, 
are available for completing each arithmetic process. 
A power skill is any effective way to find an answer. 
A speed skill is the most efficient way to find an 
answer. A power skill is a process through which a 
given problem is attacked by means of some tech- 
nique which, though possibly quite inefficient, can 
produce a correct solution. This power skill may 
involve a long, tedious process, one which may be 
totally unrelated to the most efficient method for 
arriving at the solution. On the other hand, when a 
speed skill is employed, the problem is attacked with 
the most efficient technique available, and the prob- 
lem is solved relatively quickly, usually in a mechan- 
ical fashion. 

For example, suppose a child wants to find the sum 
of 27 and 48. If he simply starts at 48 and counts on 
27 more, he is using a power skill. If, however, he 
finds the answer by using the usual algorithm for addi- 
tion, then a speed skill is being employed. 

Two additional points are worth noting about the 
previous example. First, in order to utilize the power 


POWER SKILL D 
— Addition Algorithm with 
Intermediate Step 
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Figure 10 
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skill, the child needed a clear concept of addition as it 
relates to counting. Thus, a power skill relies on a 
previously learned concept. As the child uses the 
concept in a power-skill situation, he gains new con- 
fidence in his ability to do something he “‘hasn’t had 
yet.”’ Secondly, the teacher should observe the evolu- 
tion from power to speed. In finding the sum of 27 and 
48, the initial power skill involved a basic concept of 
addition and the counting process. In practice, the 
child may continue the evolutionary trek from power 
to speed by next utilizing power skills B, C, and D as 
shown in figure 10. 

Note that each of these power skills represents a 
small step toward the ultimate, more efficient speed 
skill. When considering this process of evolution, it 
should also be noted that the earlier stages in a power- 
skill sequence often involve manipulative materials 
with subsequent power skills exhibiting a transition 
from the concrete to the more abstract. This physical 
beginning, which utilizes bundles and grouping, is 
illustrated as Power Skill B in Figure 10. 

The use of power skill is available to all children. 
The slower child may well attempt the problem by 
the only means he knows, one which may often be 
quite laborious. For example, in finding the quotient 
$863 =~ 72, the slower child might subtract 1 seventy- 
two at a time until he has reduced the dividend to 
some number less than seventy-two. The more able 
and creative child might tire of this method and at- 
tempt to subtract some multiple of seventy-two, such 
as 10 seventy-twos. Since each child is working on his 
own for a period of time, the development of power 
skill is extremely helpful in working with individual 
differences. 

One decision that the teacher must make in relation 
to each child is the extent to which he should be en- 
couraged to develop an efficient speed skill for a given 
algorithm. Obviously, skills are important and should 
be taught in elementary mathematics, yet it is the good 
judgment of the teacher that plays the crucial role in 
guiding a given child from power to speed. For certain 
processes, children should probably never be forced 
to attain a speed skill, but should be allowed to oper- 
ate at the power-skill level. Other children should be 
directed toward the speed skill as quickly as possible 
in order that they may proceed to more interesting 
aspects of mathematics. In rare instances, a child 
might profit from an initial consideration of a speed 
skill with no previous power-skill development of a 
given process. The emphasis on the role of conceptual 
power in the performance of a skill is a key feature of 
the so-called “‘new” mathematics. It is quite probable 
that we cannot predict the future mathematical needs 
of children in our classes today, but we can help them 
develop the confidence, even in the area of learning 
skills, to utilize concepts previously learned to dis- 
cover some of the basic processes for themselves. 
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EXERCISE SET 6 
1. Write power or speed depending on the type of 
skill you think is being employed. 


Specific Skill Example 
A Usi CT | O 
sing sets to 
find sums SNPS 
342=0 
B_ Using number line VES re 
to find sums Onicha i348 VS 
Br-2: eof 
C Counting fingers ol 
to find sums 
3 tbe2e=aLd 
D Memorizing that 
3) Die==45 
a 342=5 


OO ® 
O B 


E Thinking about 
“take away” to 
find differences 


5. 2 | 
F Using the inverse 
relation (missing 
addend) to find 
differences Sr anDre 
G Memorizing that 
5-2=3 
5= 233 
i a jg a 
H_ Using sets to hf gp 
find products lp al Sa li yi 





I Using the number 0 5 10 15 
line to find products 


3X Seed] 
Since 
J Using logic (basic 5xX5=25,6xX5=[] 
principles) to find u or 
ince 
products 3238 sited sue seisiaay 


2. Four different power skills are shown for finding 
91+ 7. These skills would lead up to finding this 
quotient by “ordinary short division.” 

13 
7)91 


In what order should these be presented? 


A 7)91 B Subtract 1 seven at 
70 a time. 
21 (3) 9] 
akg = 7 
0 84 
13 elt 
C7)91 
70 
D Group 91 objects 


into sets of 7. 


3. Complete the ‘‘Learning a Skill” lesson on pages 

I-19 and I-20; then do these exercises. 

A Discuss the skill you learned and the way you 
learned in terms of power skills and speed skills. 

B What part of the lesson helped you evolve a 
speed skill? 

C What were your feelings about the lesson? How 
could it be improved? 


GENERALIZATIONS 

Imagine that one of your students is engaged in an 
investigation in which he was asked to cut out a large 
quadrilateral and draw colored lines connecting the 
midpoints of each side of the quadrilateral. The ques- 
tion stimulating the investigation was, ‘““Can you make 
an odd-shaped quadrilateral so that when you connect 
the midpoints you do not form a parallelogram?” As 
a result of this investigation and the subsequent dis- 
cussion of his findings, the child was led to form a 
generalization: ‘““The segments connecting the mid- 
points of any quadrilateral form a parallelogram.” 

In another lesson, a child might be responding to an 
investigation question which asked: “If you cut off 
the corners of a triangle and place the tips at the centre 
of a circle, what part of the circle can you cover? Can 
you find a triangle for which this is not true?” 

As the child completes the investigation and engages 
in the discussion which follows, he forms this tenta- 
tive, unproved generalization: “‘If a compass is used 
to draw arcs on the corners of any triangle and these 
corners are cut off along the arcs, then these corners 
will cover exactly one half of a circle drawn with the 
same compass opening.” This tentative generaliza- 
tion, of course, is the forerunner of the familiar gen- 
eralization that the sum of the degree measures of the 
three angles of any triangle is 180. 

A generalization provides the economy of moving 
from consideration of isolated, specific cases to a gen- 
eral statement which holds true for a complete set of 
numbers or geometric figures. For example, the gen- 
eralizations stated above deal with the set of all 
quadrilaterals and the set of all triangles. The regular 
occurrence of the word “any” in the generalization 
statements implies that the observation is true for 
every such geometric figure. 


The key to teaching a generalization effectively is 
to provide children with appropriately chosen exam- 
ples (or instances) which lead them to the generaliza- 
tion. An approach often used by teachers to help 
children learn generalizations is that of guided dis- 
covery. In this approach the teacher uses carefully 
sequenced questions and carefully chosen examples to 
focus the child’s thought on the generalization to be 
discovered. 

It is instructive for children in the upper elementary 
grades to have experiences in forming generalizations 
which seem obvious from a set of examples, but which, 
in fact, do not hold true. For example, consider the 
equations below. 












































Figure 11 


If 1 is written in the box and the operations are per- 
formed, the result is 11, which is a prime number. If 2 
is written in the box, the result is 13, also a prime 
number. Upper-grade children are likely to conjecture 
that the sum is always a prime number. When they try 
3, the sum is 17, also a prime. Similarly, the child 
finds that the numbers 4, 5, 6, 7, 8, 9, and 10, when 
written in the box produce a prime number. A child 
accustomed to forming generalizations from even 
fewer examples than this will likely conclude that 
this formula will always produce a prime number. It 
is instructive to note that when the next number, 11, 
is written in the box, the result is 121, which, being 
divisible by 11, is not a prime. This example illustrates 
the important idea that, even though the generaliza- 
tions the child might make seem quite plausible and 
are most often true, it is only by means of a mathema- 
tical proof of a generalization that one can be com- 
pletely sure that it is correct. These proofs, of course, 
are often not accessible to elementary school children. 
Thus, a healthy attitude might be characterized by 
references to generalizations which include phrases 
such as, “appears to be true,” “is probably true,” or 
“could most likely be proven.” 

Often a search for a generalization is initiated by a 
question such as, ‘“‘Do you see any patterns?” For 
example, several simple generalizations might be 
formulated about the multiplication table in Figure 
12. One child might observe that every number on the 
main diagonal of the table is a square number. Another 
student might observe that for every number on one 
side of this main diagonal, such as 10, there is a match- 
ing number symmetrically placed on the other side 
of the main diagonal. 
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This last generalization is the table counterpart of the 
commutative principle for multiplication; that is, in 
the case of 12,6X2=2xX6o0r4xX3=3 X4. An- 
other generalization that might be reached by care- 
ful consideration of the table is that the only primes 
in the table occur in the one-row or one-column of 
that table. Still another interesting generalization sug- 
gested by the table is that the sum of any number in 
the two-row and a number below it in the five-row will 
equal the number below these numbers in the seven- 
row. Of course, there are many other generalizations 
ranging from the very simple to the more complex 
that could be made about this multiplication table. 

Perhaps the illustrations above will suggest that the 
mathematics available to the elementary school child 
is replete with possibilities for discovery of generaliza- 
tions. The teacher’s task is to create a learning en- 
vironment in the classroom, not only in terms of 
physical materials and situations, but in terms of 
attitude toward learning and toward children, which 
provides opportunities for discoveries of generaliza- 
tions and an atmosphere in which it is rewarding to 
make these discoveries. The teacher should be ever 
aware of the possibility that the habit of seeking gen- 
eralizations may well be one of the most valuable things 
the child learns from his experiences in mathematics. 


EXERCISE SET 7 


1. Choose a text from the Investigating School Math-. 


ematics series and list some generalizations which 
the students who study this text might discover. 

2. Investigate the Madison Project shoe boxes and 
complete the activities for at least two boxes. 

3. The illustrations and the table which follow show 
that if you connect two points on a circle, you 
divide the interior of the circle into two regions; 
if you connect three points on a circle, you divide 
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its interior into four regions; if you connect four 
points on a circle, you divide its interior into eight 
regions. Note that the points chosen should not be 
evenly spaced on the circle. 


Number of 
regions formed 
inside circle 


Number 
of points on 
a circle 





6 


A Fill in the table to show how many regions are 
formed if five points on a circle are connected. 

B Form a generalization about the right-hand col- 
umn of the table. 

C Test your generalization by finding out how many 
regions are formed inside when six points on a 
circle are connected. 


4. Devise an investigation which might enable a stu- 


dent to discover this generalization: “The sum of 
the degree measures of the angles of a quadrilateral 
is 360.” 

5. Write some questions you would ask and show some 
examples you would use in guiding a child to dis- 
cover one of the following generalizations. 

A The commutative principle for multiplication 

B The volume of a ‘‘box”’ is found by multiplying 
length times width times height. 

C In measuring length, the shorter the unit, the 
greater the measure. 

D Any angle inscribed in a semicircle is a right 
angle. 

E Every even number ends in 0, 2, 4, 6, or 8. 
6. Complete the ““Learning a Generalization” lesson 
on page I-20; then answer the following questions. 
A What generalization did you learn from the 
lesson? 

B How many specific examples did you consider 
before you understood the generalization? 

C In what way did you use the generalization after 
you discovered it? 


FAcTsS 
In elementary mathematics, there are certain bits 
of information that are used so frequently that it is 


beneficial for the child to be able to recall them quickly 
when they are needed. These items are ordinarily 
called facts. There are three main types of facts that 
are of major concern. The first type of fact is one 
which evolves from a concept. It might be an example 
of a specific concept (““Two is a prime number,” ‘25 
is a square number,” “A parallelogram is a quadri- 
lateral’), or it might be a characteristic of a specific 
concept, possibly even a part of the definition for the 
concept (“An isosceles triangle has two congruent 
sides,” “An even number is a number divisible by 
two,” “‘A pentagon has five sides’’). Examples of, or 
characteristics of, concepts are not always considered 
as facts; only if such an example or characteristic is 
deemed important enough to be remembered for im- 
mediate recall, is it considered to be a fact and com- 
mitted to memory. 

A second type of fact is a fact derived from a gener- 
alization; that is, if a generalization is simple, or 
deemed important enough to remember for immediate 
recall, it might often be considered a fact. For ex- 
ample: “The sum of the squares of the lengths of the 
legs of a right triangle is equal to the square of the 
length of the hypotenuse of the right triangle’; or 
“The length of the segment joining the midpoints of 
two sides of a triangle is one half the length of the 
third side.”” Each of these statements might be con- 
sidered facts since they are sometimes useful for im- 
mediate recall. A third type of fact—one that is given 
a great deal of attention in the elementary school math- 
ematics program—is the type of fact derived from a 
power skill. For example, the child may have utilized 
a sequence of power skills for finding sums such as 
4 + 3. He may have used sets of counters, centimetre 
strips, jumps on the number line, or reasoning from 
facts such as 3 + 3 = 6. These power skills, based on 
certain important concepts, provided the evolutionary 
progression toward the final speed skill used in finding 
sums. In this particular case, however, the speed skill 
used is simply that of memorizing the sum. Whenever 
the speed-skill stage involves memorization, the par- 
ticular learning which was classified as a skill or a pro- 
cess during the power-skill stage is reclassified as a 
fact. The basic addition and multiplication facts fall 
into this category, and they are given major attention 
in the elementary school. It is these facts to which 
primary attention will be given in this section. 

A first important point to be made in discussing the 
teaching of facts is that extensive power-skill work 
preceding the memorization stage can pay valuable 
dividends. The broad base of understanding provided 
by the power-skill work removes the aura of magic 
from this aspect of mathematics and not only makes 
the task of memorization of the facts easier, but helps 
the child view it as a “reasonable thing to do.”’ Figure 
13, for example, shows some of the power skills that 
might be utilized in the initial development of proce- 


dures for finding products. Careful development using © 


some or all of these power skills can give the child 





a basic feeling for a procedure by which products 
may be found. 


A Sets 


OO 


4 sets of 3 
453112 
C_ Repeated addition 


B Number line 


0 4 jumps of 3 12 


4X3=12 


D Multiplication 
in “parts” 


3X3=9 
4X3=9+43 
4X3=12 


3+34+3+4+3= 12 (ee eek) 


4X3=12 


Figure 13 


The teacher must use good judgment in deciding 
when a given child should move from this power-skill 
stage to memorization of the facts. The appropriate 
time could vary extensively depending upon the 
ability and experiences of the child. If the power-skill 
work is started early in the elementary grades, the 
child will have ample time to reap the benefits of this 
basic experience with materials and concepts before 


. the transition to speed skill is made. 


When the time has come to memorize the facts, it 
is important for the child to have a clear idea of the 
nature of this goal and the reasons it is appropriate. 
The teacher should even take time to help the child 
see the very clear difference between “figuring out the 
fact” and ‘“‘memorizing the fact.”” Hopefully, he could 
help the child develop a feeling for situations in which 
the facts will be used and in which immediate recall 
would be quite valuable and time-saving for the child. 

After the addition or multiplication facts to be 
memorized have been placed in perspective, the 
teacher should seek interesting situations and crea- 
tive ways in which to practice recalling the facts. For 
example, the children might make their own flash 
cards and use a timer to see how long it takes them 
to give these facts. If desired, two children could work 
together and see which of them could go through the 
flash cards most quickly. Another game utilizes a pair 
of homemade colored dice and an empty multiplica- 
tion table (Figure 14) for each child. As the game 





Figure 14 
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proceeds, a child rolls his dice and writes the product 
of the numbers on the dice in the appropriate space on 
his multiplication table. His partner then does the 
same thing when it is his turn. If a child arrives at an 
incorrect product or writes the product in the wrong 
space in the table, he is penalized by missing a turn. 
The object of the game is to see who can complete 
the table first. Various modifications of this game are 
possible, including one in which each child works 
independently and keeps a tally of the number of 
times he rolls the dice and also keeps track of the time 
it takes. The basic objective, of course, is to provide 
an interesting situation in which the child is motivated 
to recall multiplication facts rapidly. 

Some children may need to spend considerable 
time in the power-skill stage before they begin to 
memorize. If there are children who have attempted to 
memorize the facts and find the job more difficult than 
anticipated, the teacher may want to consider allowing 
them to prepare a fact card on which they write the 
facts that they still do not know. Perhaps it would be 
realistic and beneficial to let some children use this 
fact card during the year whenever they desire, thus 
relieving the tension that could result from difficulties 
they encounter in memorizing the facts at one specific 
time. As the school year progresses, the teacher may 
want to suggest from time to time that a particular 
child concentrate on one of the troublesome facts and 
attempt to memorize it so that he can remove it from 
his fact card. The accomplishment of this goal, of 
course, would merit recognition and reward. After 
one fact is removed, the child might start working on 
removing another fact. The ultimate goal would be to 
remove all of the facts by the end of the year. Teachers 
who are interested in helping children learn mathe- 
matics in a comfortable way may find that a more 
realistic, less pressured approach to learning facts 
may enable the child to find greater enjoyment and 
success in his mathematical experience. 


EXERCISE SET 8 

1. Invent a game that could be used to help children 
practice recalling addition or multiplication facts. 

2. Find a commercially produced game that is de- 
signed to help children practice recalling facts. 

3. Complete the “‘Learning Some Facts” lesson on 
pages I-20 and I-21 of this text; then answer the 
following questions. 

A How many of the facts did you know? 

B What techniques did you use to help you memo- 
rize the remaining facts? Did you find this lesson 
difficult? 

C Can you imagine some of the difficulties your 
children might have in learning facts? 

D Did you find any mnemonic devices which were 
helpful in remembering the facts? 





ATTITUDES 
In his poem “Arithmetic,” Carl Sandburg wrote: 


Arithmetic is numbers you squeeze from your head 
to your hand to your pencil to your paper 
till you get the answer. 
Arithmetic is where the answer is right 
and everything is nice 
and you can look out of the window 
and see the blue sky — 
or the answer is wrong 
and you have to start all over and try again 
and see how it comes out this time. 


Arithmetic is where you have to multiply — 
and you carry the multiplication table in your head 
and hope you won’t lose it.* 


The attitude toward mathematics, school, one’s 
ability, and learning in general that one senses on 
reading this part of Sandburg’s poem is surely typical 
of many children in classrooms today. Perhaps, it 
was a feeling similar to this that caused Huckleberry 
Finn to say: 


I had been to school ’most all the time and could spell 
and read and write just a little and could say the multi- 
plication table up to six times seven is thirty-five, and 
I don’t reckon I could get any further if I was to live 
forever. I don’t take no stock in math, anyway. 


There are many different kinds of attitudes exhibited 
by children who have been exposed to classroom 
mathematical experiences in different parts of the 
world. There are, of course, the more general attitudes 
that a child has toward his teacher, toward his school, 
toward his fellow students, and toward the process 
of education. All too often the child’s attitude toward 
education in general is that suggested by Charles 
Schulz in this Peanuts cartoon. 


THEY DON'T MOVE... 
'M NOT USED TO 


THAT DON'T MOVE OR 
HAVE COMMERCIALS... 


V 
LOOK AT 


THIS 19 
THE ART 
MUSEUM... 


TRY NOT TO HAVE A GOOD 
TIME...THIS IS SUPPOSED 
TO BE EDUCATIONAL.. 


© 1971 United Feature Syndicate, Inc. 





*From Complete Poems, copyright, 1950, by Carl Sandburg. Reprinted by permission of Harcourt Brace Jovanovich, Inc. 
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Two of the attitudes to be considered here, how- 
ever, are the child’s attitude toward mathematics and 
the child’s attitude toward himself as he relates to 
mathematics. It has been said that the mathematical 
experiences of a child before the age of 11, and the 
responses he has been encouraged to make to those 
experiences, largely determine his potential math- 
ematical development. If this is so, then a child’s atti- 
tude toward mathematics and his feelings about how 
he relates to mathematics are extremely important 
considerations for the classroom teacher. 

A moment’s reflection on the number of people who 
are willing to say that they hate mathematics and on 
the multitude of others who seem to harbor a fear 
regarding their inability to cope with ideas of math- 
ematics leads the teacher to realize that he does indeed 
teach attitudes, whether he tries to or not. Clearly, 
the teacher who conducts a classroom in which chil- 
dren’s achievements are evaluated almost exclusively 
on the basis of how many right answers they can come 
up with must surely engender attitudes in children 
which differ greatly from those engendered by the 
sensitive teacher who recognizes the child’s need to 
think his own thoughts and to become involved in an 
exciting exploration of ideas that interest him. Or, 
consider the difference between the teacher who 
teaches only speed skills and facts and the teacher 
who recognizes the central importance of concepts 
and generalizations, as well as the facts and skills. 
The child exposed to the first teacher must surely 
have a feeling toward mathematics, and his ability 
to interact with it, that is far different from that of the 
child who learned with the second teacher. 

If what happens in the classroom is of such impor- 
tance in developing attitudes within the child, then 
the teacher may want to reevaluate his approaches 
to instruction by reconsidering certain fundamental 
questions. What subject matter and methods most 
effectively instill within the child the feeling that math- 
ematics is interesting, fun, and a source of adventure? 
Will these means provide an opportunity for the child 
to exercise his freedom of choice and to make deci- 
sions about what he does with mathematics? Aldous 
Huxley said: “A child is a genius until the age of ten.” 
Could it be that our classroom approaches squelch 
this genius? Can we select mathematical experiences 
and materials that enable the children to experience 
success and thus maintain that sense of worthiness and 
prestige with peers that is of such importance? Can 
we structure these experiences in such a way that the 
child maintains within this atmosphere of freedom a 
sense of security and safety, thus avoiding the fear 
that can erode his ability to approach mathematical 
situations with confidence? Can we help children see 
the usefulness and importance of mathematics with- 
out boring them? 

Clearly, the questions just raised are difficult to 
answer and specific techniques for developing healthy 
attitudes are hard to come by. But even though pre- 


scriptions for developing attitudes are scarce, many 
of the ideas about teaching suggested in earlier sec- 
tions of this text can provide assistance for the teacher. 
The investigation, for example, provides the child 
with an opportunity to make independent decisions 
and to interact with mathematics and materials and 
encourages him to take responsibility for his own 
learning. As difficult as it may seem at times, a child’s 
acceptance of responsibility for his own learning in- 
culcates an attitude that is ultimately invaluable. Also, 
the manipulative materials or activities that are made 
available to the child in the investigation situation pro- 
vide an interaction with the physical world that is 
often extremely valuable in making mathematics real 
to a student. Unless a child is ready for more abstract 
thinking, he cannot be induced to sense the adventure 
in mathematics without a physical environment to 
explore. Opportunities for attitude development are 
implicit not only in the investigation phase of a lesson 
but in the discussion as well. If a teacher can convince 
the child that his ideas are important, then the child 
finds himself in a situation, albeit a mathematical one, 
in which he feels important. His prestige with his peers 
increases and he feels successful. Exercises in the uti- 
lization phase of a lesson that begin simply and grad- 
ually increase in difficulty can also help the child feel 
that he can do mathematics on his own; and, of course, 
carefully selected extension activities can provide the 
child with a variety of opportunities to experience the 
fun of mathematics. 

Not only do the phases of the learning experience 
provide unique opportunities of attitude development, 
but the particular types of learnings involved within 
these phases also have their effect. The teaching of 
concepts and generalizations provides the child with 
a feeling of power regarding mathematics, for when he 
experiences the thrill of discovering a concept or a 
generalization, or when he uses these to solve a prob- 
lem, he is also developing a useful and wholesome atti- 
tude toward mathematics learning. He is developing 
a habit of reacting to a mathematical situation which 
will be invaluable when he later encounters mathe- 
matical situations possibly undreamed of today. Also, 
careful teaching of skills and facts can provide the 
child with that basic sense of security that comes 
simply from being able to do something or to remem- 
ber something. 
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Regarding the child’s level of confidence in his abil- 
ity to cope with mathematical problems, one of the 
child’s paramount needs is to experience success, and 
as mentioned previously, having entertaining experi- 
ences with mathematics might decrease the fear that 
can erode his confidence. To provide these experi- 
ences, the teacher might create in the classroom a 
‘‘Fun with Mathematics” centre (see Figure 16) that 
contains mazes, puzzles, design materials, and so on. 
This centre represents an extra effort to encourage 
the child to successfully play with mathematics. Some 
of the materials that might be in such a centre are as 
follows: the soma cube, the tangram pieces, 2-cm 
cubes, materials for curve stitching, a kaleidoscope, 
pattern blocks, Cuisenaire rods, multi-base arithmetic 
blocks, geoboards, a wide variety of counters, attri- 
bute blocks, scales and balances, timers, calendars, 
measuring tapes and rulers, yarn and string, an assort- 
ment of boxes and cans, magazines and catalogues, 
mirrors, dice, play money, graph paper, assorted 
plane and solid shapes, abacus, pegboard, compass, 
mathematical balance, etc. 

Perhaps, as you consider the attitudes more care- 
fully and reevaluate the effects of your approaches to 
instruction, you will find other ways to help children 
develop a healthy attitude toward mathematics and 
an enthusiasm for the enjoyment it can offer. Each day 
as the teacher enters the classroom with plans for a 
learning experience, he might well ask himself: ““What 
effect will this have on the attitudes of the students 
in my classes?” 


EXERCISE SET 9 


1. Select a text from the Investigating School Math- 
ematics series and find at least five activities which 
could contribute to the child’s development of a 
positive attitude toward mathematics. 

2. Explain how you think some of the other types of 
learning might also contribute to better child atti- 
tude toward learning in general and mathematics 
specifically. 

3. Complete the “Learning an Attitude’”’ lesson on 
page I-21 of this text; then answer the following 
questions. 

A Was the lesson fun? 

B How did you feel when you had finished the 
lesson? 

C Did the lesson change any of your ideas about 
mathematics? 
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IV. Some Learning Experiences 
for the Teacher 


In Section II 
you were introduced to an outline for a learning ex- 
perience which involved preparation, investigation, 
discussion, utilization, and extension. In Section III 
the types of things children learn—concepts, skills, 
generalizations, facts, and attitudes—were catego- 
rized. In this section, we combine these ideas and use 
them in presenting five learning experiences designed 
especially for the teacher. That is, in order to gain a 
first-hand view of lessons which develop these types 


Lesson 1. Learning a Concept 


What is a pentominoe? 


INVESTIGATING THE IDEAS 
Each of these is a pentominoe. 


CE Cate ta 


None of these is a pentominoe. 


th TH of Gh 


How many more pentominoes can you find and show 
on graph paper? 


DISCUSSING THE IDEAS 

1. How many pentominoes did you find? 

2. Can you give some characteristics of a pentom- 
inoe? 

3. How would you “broadly classify”’ a pentominoe? 

Can you define a pentominoe? 

5. Are the pentominoes in Figures A, B, and C the 
same? 


qoagioue 


A B 


> 


C 


6. How could you convince someone that you have 
found all possible pentominoes? 


of learning, the teacher will have experiences with 
each of these in the five lessons; and, in order to be- 
come more familiar with the suggested structure for 
a learning experience, each of these five lessons will 
involve an investigation, a discussion, a utilization, 
and an extension of the ideas. 

It might be valuable for the teacher, after he has 
become involved in each of these lessons and has 
completed the activities, to rethink and discuss his 
reactions to the various phases of the lesson structure 
and to the various types of learnings involved. In this 
way, he might gain a new insight into the way the 
children in his classes might react to these kinds of 
situations. 


UsING THE IDEAS 

1. Which of the pentominoes can be folded to form a 
box with the “‘lid missing’’? 

2. Some pentominoes can be rotated about a point 


180° and returned to 

. . ee ° 
their starting position. 180 
tional symmetry. Which 
pentominoes have 180° 
and returned to their starting position. Such 
pentominoes are said to Colm 
inoes have reflectional | 
symmetry? 


These pentominoes are aay 
rotational symmetry? 
have reflectional sym- 

4. What do you think a hexominoe would be? How 


said to have 180° rota- 

3. Some pentominoes can be flipped about a line 
metry. Which pentom- 
many hexominoes can you find? 


EXTENSION 
Some pentominoes can be used to tessellate (fill with- 
out overlapping) the plane, as shown below. Can you 
find at least two more pentominoes that can be used 
to tessellate the plane? Show the tessellations on 
graph paper. 


Lesson 2. Learning a Skill 


Can you find the product of two 
2-digit numbers “in your head”’ ? 


INVESTIGATING THE IDEAS 


Follow these steps for writing the answer only for 
74 X 36. 


Step 2 


Step 3 


Step | 





Write 4 Write 6 
Remember 2 Remember 5 Write 26 
3(6 GY) 6 
4, 
x 7\4 x A) x\7}4 
4 6 4 2664 


Can you use this method to write answers only for 
the products below? Check your answer using the 
“‘long’”’ method. 
53 Bg 45 67 
x 48 xX 62 x 23 <p 


DISCUSSING THE IDEAS 

1. Explain this statement: In Step 1 you are finding the 
number of ones. 

2. In Step 2 you are finding the number of 2. 

3. The 2 you remembered is really 2 .. 

4. Explain what you are finding in Step 3. 


USING THE IDEAS 
Write answers only for each product. 


Ls CO nett Oye Ofe Sin aida oe 5.253 


EXTENSION 
1. Study the figures below for finding the product of 
two 3-digit numbers. 


HL) 285 «ao -o« {Is 
ap x AKXS x x\4J3 6 


4 22 eee les 3 4a 


T1090 


2. Use the method shown in exercise | to find each USING THE IDEAS 


product. 1. 


125 WT 841 525 


xX 365 xX 426 x 215 525 > 
. Find the sum of the first 200 whole numbers. 
*3, Devise a rule for multiplying two 4-digit numbers. 4. 
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Lesson 3. Learning a Generalization 


Can you find a pattern? 1. 


INVESTIGATING THE IDEAS 

Use the small square in Figure A as the unit. Can 
you find the area of each shaded part in two different 
ways? For each part, write an equation to show that 
the two ways of calculating the area give the same_  *3, 
result. 





DISCUSSING THE IDEAS 
1. A Describe one way you found for finding area in 
the figures above. 
B Describe another way you found. 
C Did you find any other way? 
2. Can you write an equation to show that these two 
methods give the same area? 


3. A Suppose there are 50 vertical segments in the 
“stairsteps” of Figure E. 
What is the area of the 
shaded part? 

B Which of the two methods 
for finding the area 
would you use? 

C Can you write an equation 
about this? 

4. Can you find the area of the shaded portion of Fig- 3 

ure E if there are 100 vertical segments? 

5. Can you use what you have learned so far to ex- 

plain this generalization? 
L 2 4 ct ee 
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Without adding each number, find the sum of the 
whole numbers through 25. 
Find the sum of the first 75 whole numbers. 


What is the sum of the first 1000 whole numbers? 
EXTENSION 


What is this sum? 50+ 51+52+53+...+99 
+ 100 


. Can you find a short way to find the sum of 


A: these seven, - numbers? 0+. 2-7 4456 qasee. 
+ 100 

B these odd numbers? 1+3+5+7+4+94+... 
+ 99 

Can you state a rule for what you found in exercise 

2 by using a variable? 


Lesson 4. Learning Some Facts 


Can you learn some “new” facts? 


INVESTIGATING THE IDEAS 


Many rapid “human Calculators” consider these 


products to be facts. 


pio Te Ps] [is 





How many of these ‘“‘facts’”” can you give without 


calculating? 


(Record the facts you know and shade that portion 


of the table with a red pencil. Then fill in the remainder 
of the table by figuring out the remaining facts.) 


DISCUSSING THE IDEAS 
1. 


Which facts in the table need not be memorized 
provided you know the others and also know the 
commutative principle? Shade these facts blue. 


. A How many facts altogether are in the table? 


B How many facts remain to be memorized? 


. A What is the “largest” fact? 


B Which facts are over 200? 

C Which facts are in the 190’s? 

D Do you notice other patterns in the table that 
might help you remember certain facts? 


USING THE IDEAS 
1. Give these products as quickly as possible. 


A 15 X 15 E 13 x 13 ea bt 3 
B 15x 14 F 14x 12 J 11x 14 
C 14x 14 G 11x11 K 11 x 15 
D 13 x 15 Heat txt12 L 12 x 13 


2. Make flash cards for the ‘“‘facts” in exercise | that 
you do not know. Practice with a friend. 

3. In exercise 1, start with part L and, following re- 
verse order, give each of the products as quickly 
as possible. 

*4. Make a large multiplication table with all numbers 
up to 20. Mark out the ‘facts’ you know. How 
many of these “facts” are left to memorize? 

*5. A person who knew the distributive principle and 
the facts in the table referred to in exercise 4 
looked at the multiplication 143 x 15 and wrote 
2145. How did he do it so quickly? 


EXTENSION 
Study the facts for these powers of 2. 


2 = Dex, = 4 
oa 2 = §8 
De) ea) Xa) ae D = 16 


Da) Ke KX 2 Kode Mi) = 52) 


1. Give the next six powers of 2. 
*2. Can you find some mnemonic aids to help you 
memorize the first ten powers of 2? 


Lesson 5. Learning an Attitude 


Let’s try a place-value game. 


INVESTIGATING THE IDEAS 
Use 3 sets of 9 cards, each 

with the digits 1 through 9. 

Shuffle the 27 cards and deal 3 to 


each player. Each player then HIGH 
forms a 3-digit numeral, places 

his cards face down in order, and |4le[27 
declares (starting to dealer’s left 

and rotating clockwise) whether MIDDLE 
his number is high, middle, or low. 

Play the game in groups of three 

players. LOW 


DISCUSSING THE IDEAS 

1. One player arranged his cards 
like this and declared that he 
would try for the low hand. 
What was wrong with his 
strategy? 


= | 
aS | 
Lo | 


2. What is wrong with this 
arrangement for a middle 
hand? 

3. If you were dealt these cards, 
would you try for a high or 
low? Why? 

4. Suppose you are last to declare. 
Everyone else has declared 
either low or middle. What 
would you do with these cards? 


Hiei 


| 6 
USING THE IDEAS 


1. Try playing this game with 2 or more other people. 

2. Try the game with the rule that you can declare 
only high or low. 

3. Make up rules for a game in which you turn up the 
cards one at a time starting with the ones’ digit 
card. 


EXTENSION 
1. Invent a place-value game in which 4 or 5 cards 
are dealt to each player. 
*2. Find or invent another game or activity that 
strengthens understanding of the concept of place 
value. 


V. Some Thoughts About Evaluation 


The strategy 
of preparation, investigation, discussion, utilization, 
and extension is a flexible organizational plan that 
allows each teacher an opportunity to make a modest 
beginning toward an activity-oriented mathematics 
program. The lesson categorization of concept, skill, 
generalization, fact, and attitude provides a framework 
that allows each teacher an opportunity to apply the 
teaching strategy to various types of learning situa- 
tions. Since there are different types of learning, it is 
reasonable to assume that there should be different 
types of evaluation used to measure these learnings. 

When considering the facts and skills, for example, 
emphasis should be placed on child accountability. 
The teacher should determine the learning outcomes, 
consider performance objectives for these outcomes, 
and help the child attain these objectives. The evalua- 
tion of this attainment is most easily completed by use 
of fact and skill tests which determine the child’s level 
of achievement. Since the child needs considerable 
practice in remembering facts and performing skills, 
the procedure for helping them is reasonably straight- 
forward. 

When evaluating concepts, generalizations, and at- 
titudes, however, the desired performance objectives 
are often quite difficult to verbalize. We have men- 
tioned earlier that concept learning often takes place 
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over a relatively long time span, that concepts are ex- 
tended and broadened, and that concepts mature with 
each subsequent set of related experiences. Clearly, 
it is difficult to write a performance objective which 
specifies the exact level of concept maturity appro- 
priate for a given child at a given time. Whenever pos- 
sible, objectives for simple concepts should be written, 
and an attempt should be made to write test items 
which will show whether children understand these 
concepts. These items should involve requests for 
children to give examples of concepts, characteristics 
of a concept, and even, in some cases, a definition of 
the concept. For more difficult concepts, the evalua- 
tion of children’s progress might be made through ob- 
servation and recorded by means of a check-list which 
specifies certain levels of development for the given 
concept. The teacher should be alert for situations in 
which the child actually uses the concept correctly 
and should recognize also that understandings which 
are only partially developed indicate positive achieve- 
ment. The teacher should also search for instances 
where the child has shown an ability to form concepts, 
for this is one of the desired learnings. 

When evaluating the child’s understanding of gen- 
eralizations, the teacher should specify the simple 
generalizations which should be learned by all chil- 
dren. Specific performance objectives and the sub- 
sequent test items should be written to evaluate these 
generalizations. Beyond this, the teacher should again 
evaluate in greater depth through personal observa- 
tions or interviews with the children. In the area of 
generalizations, the teacher should be ever aware that 
a child who is in the habit of looking for patterns or 
generalizations has learned a great deal. The teacher 
should also recognize that a child who can form a 
generalization from a sequence of specific examples 
has developed an understanding of a process that is 
extremely important. We would be remiss if we eval- 
uated only the factual part of the learning of gener- 
alizations. As noted earlier, however, although these 
are important goals of mathematics learning, it is very 
difficult to write performance objectives for these 
goals. Whenever possible, objectives should be writ- 
ten which go deeper than facts and skills, but in the 
absence of objectives, the teacher should feel free to 
use other means of evaluation, including interviews 
to evaluate student learning. 

While attitudes are not easy to measure in a con- 
ventional way, it is suggested that teachers frequently 
observe children and talk to them about their feelings 
about mathematics. It is important to realize that one’s 
philosophy toward testing can also have a marked in- 
fluence on the child’s attitude toward mathematics. 
Testing should be reasonable and realistic, and the 
child should understand its purpose. The spirit of 
evaluation should be one of helpful assessment, rather 
than of critical evaluation. If children participate with 
teachers in understanding (if not in developing) the 
goals of instruction, the testing procedure can be a 
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positive influence on the child’s attitude and ability 
to improve. 

It is hoped that the teacher will constantly take a 
broad view toward evaluating mathematics learning 
among his children. In the long run, evaluation of a 
child’s learning should depend upon the interaction 
of that child and his teacher. For this interaction to 
be successful, it may be necessary for the teacher to 
reexamine his own beliefs about how children learn 
mathematics. As each teacher makes modest begin- 
nings toward an activity-oriented approach to mathe- 
matics learning, he might ask himself the following 
questions: 


1. Do I respect each child as an individual with unique 
interests, abilities, sensitivities, and significant 
thoughts? 

2. Does the learning environment of my classroom 
provide a natural, free atmosphere in which chil- 
dren can explore, make decisions, be independent, 
and encounter exciting new experiences? 

3. Does the learning experience also include a sup- 
portive, non-judgmental atmosphere in which chil- 
dren have enough routine activities to provide a 
comfortable threshold of security? 

4. Is the child’s need for earned success recognized 
in my classroom? 

5. Do I recognize and treat mathematics as a dynamic, 
ever-growing discipline which offers limitless new 
vistas to be explored and an inexhaustible variety 
of new problems to be investigated and solved? 

6. Do I view mathematics as a subject of beauty and 
a source of pleasurable fulfillment of intellectual 
curiosity? 

7. Do I appreciate the significance of my role as a 
fellow-learner rather than merely a source of 
information? 

8. Is my overall attitude toward mathematics one that 
encourages a basic freedom to learn through use of 
manipulative materials in an investigative environ- 
ment, and through free discussion and exchange 
of ideas? 


As a teacher evaluates the children in his class, he 
should also reevaluate his approach to mathematical 
learning. The goal of this short text has been to help 
in that reevaluation by encouraging the teacher to 
read, study, observe, experience, experiment, and re- 
consider. If that goal has been achieved, perhaps his 
resulting basic beliefs about children, mathematics, 


- and evaluation methods will help him create a new 


climate of interaction that will spark more effective 
learning experiences in his classroom. 


EXERCISE SET 10 

1. Give a set of performance objectives for each les- 
son completed in Section IV. 

2. Create an evaluation tool for each set of behavioral 
objectives given in exercise 1. 
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INTRODUCING THE METRIC SYSTEM 


Canada is committed 
to the metric system of measurement. You may be 
aware of this but may not have a clear idea of exactly 
what the metric decision means to you as a teacher. 
It is hoped that this section will serve three purposes — 

1. give you an idea of how the metric decision will 
affect you, 

2. help you understand the metric system of mea- 
surement, and 

3. give you some hints for teaching the metric sys- 
tem of measurement to your students. 


History and Rationale 


The English system of measurement developed from 
man’s need to measure size and distances using units 
from the most readily available object — himself. He 
utilized his palm, span, finger, an ell, and a fathom for 
length; his foot, step, pace, an arrow’s flight, and a 
day’s journey for distance; and a handful, shellful, 
hornful, or gourdful for capacity. 

There was little need for standardization until man 
began to travel and trade with other men. When 
“standard units’’ were developed, a new problem 
arose. Different countries used different definitions 
for the same unit. The foot was, at first, the length 
of any man’s foot. In some countries, it was the length 
of the king’s foot (since he was the “‘ruler’’) and this 
foot could change as the “rulers” changed. Later an 
effort was made to standardize some units; for ex- 
ample, England and Scotland decreed the foot to be 
12 inches. Unfortunately, England and Scotland didn’t 
use the same definition for the inch. 

Today, in the age of technology, one still finds dif- 
ferent units in those countries which are not yet 
metric. Canada and the United States are neighbour- 
ing countries, yet they use two different definitions 
for the gallon. A question at which people in metric 
countries must laugh is “Which is heavier, a pound 
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of gold or a pound of feathers?” A pound of feathers 
is heavier since feathers are weighed by the avoir- 
dupois pound (1 avoirdupois pound—7 000 grains) 
and gold is weighed by the troy pound (1 troy pound — 
5 760 grains). Which is heavier, an ounce of gold or 
an ounce of feathers? An ounce of gold is heavier. 
There are 12 ounces in the troy pound, so one ounce 
of gold weighs 480 grains; there are 16 ounces in the 
avoirdupois pound, so an ounce of feathers weighs 
437.5 grains. 

Out of such confusion there developed a need for 
a simple, standardized system of measurement. In 
1670 Gabriel Mouton, a French abbé, developed a 
system of measurement organized according to the 
decimal system of numeration. It took over a hun- 
dred years for a system of measurement like the one 
Mouton put forth to get official sanction. In 1790 
the French National Assembly appointed a commit- 
tee to study the measurement situation and see if a 
rational system of measurement was possible. In 
1795 France adopted a decimal system of measure- 
ment, defining the base unit of length to be the 
metre (from the Greek word metron, ‘‘a measure’’). 

The metric system did not use parts of the human 
body as units. The metric system did not develop 
haphazardly adding more and more units as the need 
arose. The metre was defined as one ten-millionth 
of the distance from the North Pole to the equator, 
along the meridian passing near Dunkirk, Paris, and 
Barcelona. One can see that such a definition would 
be difficult to replicate in any one country. Also, the 
length of the metre changes as the position of the 
North Pole changes; at the time that the metre was 
defined, scientists were unaware that the position 
of the North Pole changed. 

In 1870, because of the problem of replicating and 
comparing metric units from country to country, 
France called a meeting of the metric countries to 
develop a “unified metric system of measurement”. 
In 1875, the Treaty of the Metre was signed to estab- 
lish the General Conference on Weights and Measures 
which meets to determine the official definitions for 
the units used in the metric countries. In 1960 the 
Conference adopted the Systéme International des 
Unités (SI). It is this SI metric system that is most 
used throughout the world. 


-A Popular System 


The popularity of the metric system 
stems from two characteristics—the high degree of 
standardization and its simplicity. 

In the entire metric system there are only seven 
base units! They are metre (length), kilogram (mass), 
second (time), ampere (electric current), degree kelvin 
(thermodynamic temperature), candela (luminous in- 
tensity), and mole (amount of substance). 


All units used in the metric system are related to 
these seven base units. The units you will be most 
concerned with (because they are the ones used in 
everyday living) appear in Table 1: 


Table 1: Metric Units to be Studied 





Quantity Unit Symbol 
Length metre m 
Mass kilogram kg 
Capacity litre Le 
Temperature degree Celsius iG 


*As a rule of thumb, the cursive letter (“) is used as a symbol for 
the litre to avoid confusion with the numeral (1), however, in 
symbols such as ml (millilitre), kl (kilolitre) the cursive form is 
not used. 


All other units to be discussed can be represented 
by the product of one of the units and a power of 10. 
For example, every possible unit of length can be de- 
veloped by multiplying the number of metres by the 
appropriate power of 10. 


Table 2: Metric Units of Length 


Name (Symbol) Metres 


*kilometre (km) 10°m or 1000 m 


hectometre (hm) 10?mor 100m 
decametre (dam) 10'mor 10m 
*metre (m) 10°m or 1m 


10-!m-or 75 m 
10-2m or 7a Mm 
10-°m or zoo M 


decimetre (dm) 
*centimetre (cm) 
*millimetre (mm) 





*preferred units 


To make the system simpler the same prefixes are 
used with all units. For example, a millimetre (mm) 
iS zooo Of a metre, a millilitre (ml) is zoo Of a litre, a 
milligram (mg) is tooo Of a gram, etc. 

According to the class, you may want to introduce 
the symbol ‘‘m”’ for metre, ““cm” for centimetre, etc. 
The plurals, metres and centimetres, are also sym- 
bolized ‘“‘m”’ and ‘‘cm’’, not “‘“ms”’ or “cms.” Remem- 
ber, these are symbols and not abbreviations and no 
period is used after a symbol. 

Countries which have been completely metric for 
several years find that some terms such as “deci- 
metre’”’ are not used in everyday living. People will 
talk of a book being 28 centimetres long rather than 
2.8 decimetres long. You may wish to explain the term 
‘““decimetre,”’ but it is not necessary. 

Most people who feel that the metric system is com- 
plex are those who convert back and forth between 
the metric and English systems of measurement. When 
teaching the metric system, conversion to the English 
system is not necessary and should be avoided! 


The metre is defined world-wide to be 1 650 763.73 
wave lengths in a vacuum of the orange-red line of 
the spectrum of krypton 86. This is quite a definition! 
There are two reasons why such a complex definition 
was adopted — 

1. the length never varies and 

2. this measurement can be replicated in labora- 
tories throughout the world. 

From this brief history of the metric system it is 
hoped you will take three main thoughts — 

1. The metric system resulted from concentrated 
effort to develop a rational system of measurement. 
It did not develop haphazardly. 

2. The problem of standardization has been solved 
in the metric system. 

3. The metric system is both popular and useful 
because of its simplicity. 


Activities 


Experience and activity 
are key words in the teaching of measurement. Mea- 
sure things! The success of this material will depend 
upon the amount of experience each participant has 
with the activities. The limited number of activities 
that are presented should stimulate possibilities for 
many more. Although the content is approached 
through activities and measuring experiences, there 
is a need for exercises to further these experiences 
and to structure metric thinking. Two points should 
be emphasized — 

1. It is important that you as well as your class do 
the activities in this section. 

2. The activities will be more fun if done in a group 
situation. 

Looking at Table 1 in the History and Rationale 
section, you will notice that you have to be concerned 
with only four base units. So, let’s use the frontal at- 
tack, start right in on length, and begin inching our 
way down the metric road. 
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Length, Area, and Volume 

In the groups where the metric system has been 
argued for years, there were two camps. One group 
wanted to use the centimetre, gram, and second for 
the core of the system and the other the metre, kilo- 
gram, and second. The latter group has prevailed. 

It is strongly urged that first grade teachers not 
start with the metre. It is very difficult for first graders 
to handle a metre ruler. The same argument may be 
advanced for the kilogram and litre. Length will be 
approached as it should be covered with students, 1.e., 
first measure with arbitrary units, then use the centi- 
metre, next use the 10-centimetre (decimetre), and 
finally the metre. All measurement should be ap- 
proached as a three step process — 

1. Select a unit. 

2. Partition the object to be measured into units. 

3. Count the number of units used. That number is 
the measure of the object. 


ACTIVITY 1 

Measuring objects with an arbitrary unit. Students 
should do several activities of this type using arbitrary 
units such as their thumb, a paper clip, pencil, crayon, 
cutout of their shoe, width of their hand (a unit in the 
English system used for measuring the height of 
horses), cubit (another “‘English” unit, the length of 
the forearm from the elbow to the tip of the middle 
finger), or other selected units. For your experience 
measure the chalk eraser, the width of your hand, the 
width of this book, and the length of a pencil using 
a paper clip as the unit. 

In the illustration, a “paper clip train” is being used 
to measure the width of a hand. Follow the three steps 
mentioned previously in the measurement process. 


Record all answers. Then measure the object again 
using pieces of paper the length of a thumbnail. Repeat 
the process measuring other objects. 

In class emphasize four points — 

1, The first unit should be lined up with the ‘‘start- 
ing point” of the object. 

2. The units should touch, but not overlap. 

3. The “train” should be straight. 

4. The units should be “rounded off” to the unit 
that has its right end nearest to the “‘finishing point” 
of the object. 

In doing activities where arbitrary units are used, 
the need for standardized units becomes obvious. Ask 
several children to measure the same object, each 
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with his own pencil. On the chalkboard, place their 
statements such as “The table (or whatever object 
you pick) is 5 pencils wide.” “The table is 7 pencils 
wide.” ““The table is 8 pencils wide.” Children will 
soon see that when pencils of differing lengths are 
used, different answers will result. 


ACTIVITY 2 

Developing the concept of a centimetre. Probably the 
first metric unit the children will make use of is the 
centimetre. You will need (and each student in the 
class will need) 9 centimetre strips—9 pieces of paper 
or cardboard | cm by | cm square. 

The children, especially the younger ones, should 
have the experience of measuring many objects using 
centimetre strips. (If at the time you present this 
activity your students have studied two-digit numbers, 
have them measure objects longer than 9 cm.) 


Using the centimetre strips, measure the length of 
a paper clip, a piece of chalk, the Cuisenaire 6-rod, 
the width of a hand, and the width of a thumb to the 
nearest centimetre. In this initial activity, actually 
use centimetre strips and not a ruler marked in centi- 
metres. An exercise the children can do at their desks 
is to measure the pictures of objects drawn on a dupli- 
cator master. The pictures can be of predetermined 
length. Measure the pictures below. 


yr err 


The arrow is about 








centimetres long. 






The Snail is about 








centimetres long. 





The turtle is about 








centimetres long. 






In exercises like these, the length can be controlled. 
Some answers should require ‘rounding up,’ and 
some “rounding down.” The word ‘‘about’’ is im- 
portant in the sentence since a measurement is an 
approximation. As the children progress you can have 
them write not only the number but also the name of 
the unit. 


ACTIVITY 3 

Measuring with centimetre rulers. When the chil- 
dren have learned to use the centimetre strips in the 
measurement process, a ruler marked off in centi- 
metres (not millimetres) should be introduced. It is 
strongly urged that the child construct his own 10-cm 
ruler during his first introduction to metric measure. 
He can do this by constructing a 10-cm train on a 
10-cm long piece of paper, pasting the train on the 
paper, then numbering the cars from | to 10. Another 
approach is to construct a 10-cm ruler in front of the 
class. Then hand out 10-cm long pieces of paper al- 
ready marked off in centimetres and have the children 
number the centimetres from | to 10. 

The next few activities should involve the measur- 
ing of an object with a centimetre train, a 10-cm ruler, 
and finally with only a 10-cm ruler. When measuring 
an object with a 10-cm ruler work toward getting your 
students to “read the ruler” rather than counting the 
centimetres as they did with the trains. 

In the example illustrated the child should learn to 
round off to the nearest centimetre and then read the 
ruler, “8 centimetres,” instead of counting ‘1, 2, 3, 
4, 5, 6, 7, 8 centimetres.” 





After the children have become skilled in using a 
10-cm ruler, they should be given activities requiring 
them to measure objects which are longer than 10 cm. 
When working with 5-and-6-year olds, be careful that 
the measure of the object is not a number the children 
haven't studied. In the activities concerning measure- 


ment it is the process that should be emphasized; the 
numbers themselves should never be a source of 
difficulty. 

Now, using your 10-cm ruler, measure the length 
and width of this book and length of your forearm, 
the length of your foot, and length of your span 
(what is your span?). 


ACTIVITY 4 

The metre and notation. Initially, you may want to 
have your students measure objects with metre-long 
strips of unmarked cardboard. Then ask them to 
number the centimetres on the metre strip in groups 
of 10 using their 10-cm strips. Before proceeding 





further, have the class subdivide these cardboard 
metre rulers into centimetres. It is important that 
you do the activities with the same type of ruler your 
students will use. If you have a classroom set of 
wooden metre rulers, use one of them. Ideally, the 
rulers used should be marked off in centimetres, but 
if the ruler is marked off in centimetres (cm) and milli- 
metres (mm) no harm is done. Measure the length, 
width, and height of your desk rounding off to the 
nearest metre. 

The measurements for a desk, accurate to the near- 
est metre, might be 2 m long, | m wide, and | m high. 
Such measurements would not be helpful. The metre 
is used for much longer measurements, such as the 
length and width of the classroom, the playground, 
the school, the block, etc. To measure the dimensions 
of objects such as desks, tables, bookshelves, and 
people, a metre ruler may be used and the results 
recorded in centimetres. For example, a desk may be 
152 cm long, 76 cm wide, and 74 cm high. 

You might say: I am 178 cm tall; what is your 
height (in centimetres)? 
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Just as 153 cents is written as $1.53, 153 centi- 
metres is written as 1.53 metres. This can be inter- 
preted as 1 metre and 53 centimetres which is read 
as ‘“‘one point five three” metres. Do not dwell on 
the mathematical use of the notation—it is not 
necessary! 

With your class,record the dimensions of your class- 
room, your desk, their desks, your height, and their 
heights in terms of centimetres, then in terms of 
metres using the decimal notation. 


ACTIVITY 5 
Area using arbitrary units. Here are some examples 
of area units: 


‘ PV 


Let the children give names to the units. Then 
follow the measurement process: select one of these 
units, match it against the area of some object, and 
count the number of units used. For example, the 
irregular figure below has an area of about 6 discs 


S65 


<n Oa 


(if disc is the name given to the unit used). Empha- 
size that you are trying to ‘‘cover” the object. The 
units should be ‘“‘even with the edge” of the object, 
the units should touch, but not overlap, each other. 
Direct the children’s attention to the parts of the 
object that are not “‘covered.” 

Make a cutout of some irregular area such as your 
thumb and make copies of it out of paper. Use your 
“thumb” to find the area of the top of a chalk eraser, 
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of the irregular figure measured with the discs, of a 
cutout of your shoe, and of figure X. 


Figure x 


Record the answers on the chalkboard in sentence 
form — 

“The figure has an area of about thumbs.” 

Have your class perform similar activities. 


ACTIVITY 6 

Area using the centimetre square (cm?). Have the 
children make centimetre squares (or have them 
available for use). The children should have the 
experience of finding the area of many objects. 

Make duplicator masters for some areas that the 
class can measure with their centimetre squares. The 
figures below are 1cm?, 9cm?, 25cm’, respectively. 


& 





You might point out that the square containing 
the 9 cm? has a side of 3 cm and the square contain- 
ing the 25cm? has a side of 5 cm. 

Have the children use their centimetre squares to 
find the area of a stamp, a 10-cm ruler, the cutout of 
their thumb, the irregular figure which had an area of 
6 discs, and figure X. 


ACTIVITY 7 
Volume, using the centimetre cube. In the initial de- 
velopment of the concept of volume, it is important 


that children have the opportunity to construct several 
differently shaped objects each having the same num- 
ber of volume units. 

As with length and area, the study of volume should 
be introduced with activities making use of arbitrary 
units of volume, such as blocks, Cuisenaire rods, 
pencils, erasers, or even marbles. 

Use 10 or 12 centimetre cubes in this activity. At 
first, let the children work on their own, constructing 
any objects they like. Encourage them to see that an 
object built of a specific number of cubes has a vol- 
ume of the same number of cubes regardless of its 
shape. For example, the illustration shows 4 different 
constructions, each having a volume of 4 centimetre 
cubes (4 cm’). 


tie tk 
ao of 


How many differently shaped objects can be con- 
structed with a volume of 8 centimetre cubes? When 
those possibilities have been exhausted, try the ac- 
tivity with 10 cubes. 


REVIEW: LENGTH, AREA, AND VOLUME 

1. Have your class compare the length of their feet, 
spans, and cubits. Why are these units useless as 
standard units? 

2. Complete these statements. 


a. 128 cm = ___m e. L.OGrin— = Cm 

b. 108 cm = ___m f. 10.001 m=___cm 

C Pec 11 eee EIT) Om. 5.00 iy — =. CM 

d. 1010 cm=___m | OO Ob 0 0 0 8) 
3. What would be the length of the sides in a square 

containing: 

AaeeoO CM > oe CM? 

Doc ee Cn? 

Cee Cin CH 

dee kG cin, > cm 


4. How many different-shaped objects can you form 
with 6 centimetre cubes? 


Capacity 


Capacity can be thought of as the amount of mate- 
rial a container will hold. Capacity is usually linked 
to liquid measure though you may have already had 
your classes measure capacity by using sand to avoid 
using liquids. 

In the metric system of measurement, volume and 
capacity are directly related. A container with a 
volume of 1 cubic centimetre (1 cm*) will hold 1 
millilitre of water. One millilitre (1 ml) is one thou- 
sandth of a litre (0.001 7). 

The need for fractional names such as 3, 4, 4, 3, 7 
etc. will diminish. The parts of the whole which need 
emphasis are—0.1, 0.2, 0.3, ..., 0.9. Of course, in 
measurement, fractions could disappear completely, 
since $ of a meter is 0.375 m or 375 mm. However, 
when working with the litre (the unit of capacity in 
the metric system) don’t worry now about using 
+ 2, % Z@, etc. if it is the amount you want the children 
to see or work with. Since the metric system is based 
on 10 and since 1, 2, 5 and 10 are the only divisors of 
10, we will probably talk about halves, fifths, and 
tenths of metric units. The decimal notation (+ is 0.5) 
will prevail eventually, even at the primary level. 


ACTIVITY 8 

Capacity and arbitrary units. The most obvious 
capacity units are handfuls. Give each child a con- 
tainer to fill with water or sand or other material you 
prefer to use. Have the children fill the container 





(milk carton, ice cream carton, cigar box, etc.) with 
‘handfuls’ of material. Have them record their results 
on a piece of paper: “My carton holds hand- 
fuls of .’ Compare the wide range of results. 
Re-emphasize the need for a standard unit to measure 
capacity. If further experience is necessary, you may 
want to repeat the project with cups brought from 
home (since there are so many different sized and 
shaped cups). Try the activity yourself or get several 
containers such as an ice cream carton, a milk carton, 
a wastebasket, a big cooking pan, and a litre container. 
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On a piece of paper write a pair of sentences for each 
container: 


“The (name of container) holds about (guess) 





litres. 
The (name of the container) actually holds 
(result) litres. 


In the first blank ‘‘guestimate”’ the number of litres 
the container will hold. In the second, write in the 
results of measuring the object. 

Don’t forget the three step measuring process — 

1. Select the unit —the litre. 

2. Match the unit against the object —fill the object 

using the litre. 

3. Count the number of units (litres) used. 

When the container is full (it is best to have a “fill 
line’ just below the top of the container) round off to 
the nearest whole litre according to whether more or 
less than half of the last litre was used. 


ACTIVITY 9 

Working with the litre. Get a container that holds 
a litre of water(and, ideally, has submarkings for each 
100 ml). When you are collecting containers for your 
classroom, try to get as many different shapes as you 
can. It is important, especially in early experiences, 
that the children see that litre containers can come 
in many different shapes. It is the quantity the con- 
tainer will hold, not its shape that determines a 
capacity of 1 litre. 

Once you get a litre container you can make many 
more. Pour a litre of water into a container and mark 
a “fill line’ for 1 litre on the outside with tape, or, 
if possible, cut the container so that it holds just 1 
litre. Suggested existing containers which can be cut 
are quart, half-gallon, and gallon milk cartons, round 
quart, half-gallon, and gallon ice cream cartons. Con- 
tainers that can be marked might be various shaped 
pans, cooking bowls, large tin cans, and bottles or 
jugs. Most activities for introducing the metric units 
should be accompanied by some estimation exercises. 
Have the students estimate and record how many 
litres a container will hold, then measure the con- 
tainer to see about how many litres it does hold. Com- 
pare records. 


ACTIVITY 10 

Introducing the millilitre. The litre is a unit for ca- 
pacity that is used for milk, gasoline, paint, and other 
quantities of considerable size. The litre is not used 
to measure small quantities, such as toothpaste, soda 
pop, medicines, frozen orange juice, etc. The unit 
used for the smaller measures is the millilitre (ml). 
If your school is going to get a set of metric capacity 
containers, try to get them in these sizes—1 7, 500 
ml, 200 ml, 100 ml, 50 ml, 20 ml, and 10 ml. With 
such a set (whether bought, given, or constructed) 
one can do all the activities that are necessary. 
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Construct a container with a volume of 1 cubic cen- 
timetre (1 cm*) to demonstrate the size of the milli- 
litre (ml). Trace the figure below, then cut it out and 
tape it together along the edges. If you avoid spillage 
your cube will hold | ml of water. 


The children need several activities measuring the 
capacity of objects and recording the results in milli- 
litres. Have them first guess and then measure the 
capacity of a thimble, a match box, a tablespoon, and 
a teaspoon. Record the results in sentences like — 

‘I estimate that the thimble holds about 

It actually holds about ml.” 


ml. 








Mass 


As the metric system becomes the predominant sys- 
tem of measurement you may hear talk about the 
difference between mass and weight. A lunar example 
may be the best way to show the difference. Now 
that we are in the space age, practically everyone 
knows that a man weighs less on the moon than he 
does on the earth. For example, a 300-kg man on 
earth would weigh about 50 kg on the moon, but 
he would have the same mass on the moon as he 
does on earth. Weight is dependent upon gravity, mass 
is not. Begin to stress the use of the correct metric 
term, mass. 

The base unit of mass in the metric system is the 
kilogram (kg). For example, we say “I have a mass of 
78 kg. 


ACTIVITY 11 

Arbitrary units of mass. To find the mass of an object 
you will need a balance and some arbitrary units such 
as paper clips, pencils, Cuisenaire rods, pennies, or 
other objects. Put a pencil on one side of the beam 
and then “‘balance the pencil” with pennies (or mul- 
tiples of any other small unit). Record the results on 
paper ina sentence like: 

“The pencil has a mass of about ____ pennies.” 

Repeat the activity with at least three other objects. 





ACTIVITY 12 

The unit used for small masses is the gram (g). This 
activity is very similar to the last. You will need gram 
masses. If you have a classroom set, that’s great! If 
you don’t, you can make one. 





Put a gram mass on one side of the balance and bal- 
ance it with a lump of clay or plasticine. Label your 
clay “1 g.” In a similar manner make a set of clay 
or plasticine “‘masses”’ in multiples such as: 5 g, 10 g, 
20 g, and 50 g. Use several small objects as test ob- 
jects (a paper clip, a nickel, a penny, and a pencil). 
However, before you have the children put one of the 
test objects on the balance, ask them to estimate its 
mass in grams. Then find the mass of the object. Re- 
cord both the guess and the result. 

The quarter has a mass of about (guess) grams. 

It actually has a mass of (result) grams. 

Repeat the activity using other objects. Do you and 
the class get better at estimating mass? 


ACTIVITY 13 

Measuring mass using the kilogram. Hopefully, all 
schools will have metric scales available for finding 
the mass of children and other large objects using 
kilograms. For this activity, have each child find his 
own mass and then make and label a cutout of himself 
(perhaps using his projected shadow). Have him re- 
cord his height and mass in metric units on the cutout. 

Then you and your class might measure the mass 
of other objects, such as your own chairs, the text- 
books used in the course of one day, litre of water 
(don’t count the container—first find its mass when 
empty), a dictionary, and even the principal of the 
school (if he agrees). As mentioned earlier, there is 
a direct relationship between volume and capacity 
in the metric system of measurement. In fact, there 
is a direct relationship between volume, capacity, and 
mass. A container whose volume is | cubic cm (cm?) 
holds 1 ml of water and the | ml of water has a mass 
of 1 g. A container whose volume is 1000 cubic cm 
(or 1 cubic decimetre) holds 1000 ml of water (or 
1 litre), and the water has a mass of 1000 g (or | kilo- 
gram). What did you get for the mass of one litre of 
water? 

N.B. It is a good idea to label some of the objects 
in the room as you introduce each metric unit. For 
example, the aquarium may be 70 cm long, 40 cm 
wide, 35 cm high; have a water surface area of 
2 800 cm? , volume of 98 000cm?; a capacity of 98 7 
of water and a mass of 12 kg. If the children label 
the objects as they study particular units, they will 
begin to think metric. 


REVIEW: CAPACITY AND MASS 
1. When finding the mass of something using a bal- 
ance beam, how do you decide which unit to round 
off to? 
2. Fill in the answers: 
. 28 ml of water has a mass of about 
he Ore 18 ml. 
3.12 kg is g and 438 g or kg. 
. It would take ml of water to balance | kg. 
. Will a car get a higher or a lower number of 
miles per litre than miles per gallon? (Is the 
litre larger or smaller than the gallon?) 

b. Will a car get a higher or a lower number of 
kilometres per gallon than miles per gallon? (Is 
the kilometre longer or shorter than the mile?) 

* c. Gasoline consumption rates will be given in 
kilometres per litre. Will a car get a higher 
or a lower number of kilometres per litre than 
miles per gallon ? 


grams. 
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Temperature 


This last section covers the introduction of a metric 
unit, the degree Celsius (°C), for which there is no 
physical model. On the Celsius scale for temperature, 
water boils at 100°C and freezes at 0°C. The unit 
is named after the Swedish scientist, Anders Celsius, 
who created the centigrade temperature scale. The 


water boils 


body temperature 


water freezes 





Fohrenheit 
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Celsius and centigrade scales are the same, but cen- 
tigrade is no longer the proper term since the centi- 
grade is a unit used to measure angles in the metric 
system. ° 

The best way to get used to the Celsius temperature 
scale is to use it! It is almost a necessity that you have 
a Celsius thermometer. However, if you have a dem- 
onstration model of the Fahrenheit thermometer, 
you can rescale it using the nomograph shown here. 


ACTIVITY 14 

Graphing temperatures. Be sure to give the children 
lots of opportunities to read the temperature and 
record it in degrees Celsius (°C). Perhaps you could 
institute a morning weather report given by a different 
child each day to get the class to use Celsius ther- 
mometers and to give them a feeling for what the 
temperature is when expressed in degrees Celsius 
(°C). The previous day’s high and low temperatures 
(taken from a newspaper account) could be recorded 
on a wall graph. 


REVIEW: TEMPERATURE 

. My body temperature is about 

. Normal room temperature is about 

. Water boils at about “GG, 

. A warm summer day would be about ©C) 

. The temperature in a refrigerator is about ____ °C. 

. The temperature in the vegetable section of a 

supermarket is about Ph Sip 

. Water freezes at about mets 2 (i 

8. What temperature on the Celsius thermometer is 
the same on the Fahrenheit thermometer? __ °C 


5 Ss 
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Materials 


At the beginning of metric conversion, many schools 
will have a problem gathering supplies. Certain ma- 
terials are necessities in the teaching of measurement 
and metric measurement is no exception. Fortunately, 
most of the materials are inexpensive or easily con- 
structed. In the section on length, the construction 
of some of the rulers is discussed. If you have one 
metric ruler, you can construct the rest. If you have 
One metric ruler, you can also construct the centimetre 
Squaresyand cubes needed for the study of area and 
volume. 

The construction of units of capacity and mass 
have also been discussed. When it comes to tempera- 
ture you should have a thermometer available for 
classroom uS€. If it is a Fahrenheit thermometer, 
then you should rescale it to degree Celsius using 
the nomograph given earlier. 

Following is a list of companies and government 
agencies that are currently producing materials or 
can give some assistance with this problem of teach- 
ing the metric system of measurement. 
Addison-Wesley (Canada) Ltd.—Don Mills, Ontario 
Buntin Gillies & Co. Ltd.— Ottawa, Ontario 
Cameron Products — Bramalea, Ontario 
Canadian Metric Association—(P.O. Box 35)— 

Fonthill, Ontario 
Contrasts 20—Calgary, Edmonton, Vancouver, Win- 

nipeg, Regina (Nearest Barber-Ellis Office) 

Kruger Pulp and Paper Ltd.—Moncton, Toronto, 

Hull, Montreal (Nearest Office) 

Information Canada (Under Government of Canada) 

(Nearest Office) 

Jack Hood School Supplies Co. Ltd.—Stratford, 

Ontario 
Lufkin Rule Co. of Canada Ltd.— Don Mills, Ontario 
Lily Cups Ltd.— Scarborough, Ontario 
MacLean-Hunter Learning Materials Co.—Toronto 

101, Ontario 
Metric-Aids Ltd.—Toronto, Ontario 
Moyer-Vico Ltd.—Moncton Weston, Winnipeg, 

Saskatoon, Edmonton, Vancouver and the Lon- 

gueuil Co. in Chambly (Nearest Office) 

The National Council of Teachers of Mathematics — 
1906 Association Drive, Reston, Virginia 22091 
Sargent-Welch Scientific Co. of Canada Ltd.— Wes- 

ton, Ontario 
Spectrum Education Ltd.— Toronto, Ontario 
Spicars International Ltd.— Scarborough, Ontario 
Toronto Dominion Bank (Nearest Office) 
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nting sequences. 
iparing sets: 58 
at's My Rule”: 68 

stion Machine: 70, 185, 215, 268, 28( 
iplication and sets: 122 

' counting sequences: 146-155 
iplication patterns: 158 

luct sets: 162 

sion and sets: 170, 186-188, 276 

’n and intersection of sets: 184, 310 
and even numbers: 214-217 


‘mal logic: 16, 24, 61, 92, 134, 146-155, 
16, 189, 296-297 
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iping by tens to 4-digit 

merals: 30-45, 48 

ualities: 42-43, 97, 120-121, 282 

2 value in computation: 92, 98, 106, 
6, 242, 248, 294, 300 

,oning: 251 

® numbers: 222-223 

itive numbers: 272-273 


tion and subtraction 

ated: 50-57, 66-71 

Darison subtraction: 58-59 
> principles: 60-65 

rences and missing addends: 66-67 
1g and subtracting 2- and 3-digit 
mnbers: 90-121 


™ 


x : * 


epts of multiplication: 122, 162-163 
: principles: 138-145, 236-239 
dlication facts: 146-155 * 
1g and multiplication: 162-168" 
epts of division: 170-181, 186-189, 
+281, 284-291 : 

oles and factors: 218-221 

rlying with multiples of 10: 226-23T 
dlication algorithm: 240-249 

on algorithm: 294-303 

inders in division: 300-303 


S, fourths, eighths: 14-15, 18-23 


ze: 59, 110, 232-233, 243, 247, 249 
Studies: 47, 102-103, 111, 159, 

. 165, 191, 291, 308 

irement: 27, 46, 108, 115, 130-131, 
235, 245, 283, 293, 299 

2 Stories: 134, 156, 189, 190, 296-297 
Stories: 23, 67, 117, 134, 157, 173, 
241, 253, 290, 298, 307 

laneous: 119, 164, 177, 305 


rement (not exact): 12-15 
ting area: 18 

ting weights: 108-109 
ting products: 250-251 















d even numbers: 214-217 
3s and factors: 218-221 
jumbers: 222-223 








ot of measurement: 4-29 
etres: 8-15, 20-21 
iquare centimetres): 

9, 20-21 

24-25 
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geometric figures: 74-79 
and triangles: 80-87 

lines: 196-199 

80, 84, 198-199 

s: 200-207 

ry: 210-211, 264-265 

g: 256-263, 268-269, 272-273 
ions: 266-267 
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| a chart: 108-111 

scale drawings: 165, 283 
yhs: 270-271 
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Inequalities: 44—45, 81, 95, 225; 228-229, 
231, 235-236, 240-243, 330-333 

Base-ten machine: 52-53 

Reading large numbers to 9 places: 48-51 

Negative numbers: 312-319 


Inverse relation (+ and —): 58-59 
Basic principles: 66-67 
Regrouping in addition: 68-75 
“Adding” and “subtracting” 
_ Money: 76-77, 92-93 
* Regrouping in subtraction: 82-84, 88-90 
Estimating sums and differences: 172-173 


Inverse relation (X and +): 116-119 
Basic principles: 122-125, 182-183 
Multiplication facts: 126-131, 184-137 
Concept of division: 138-139 
Multiples of 10, 100, and 1000 used as 
factors: 156-167 
* Multiplication algorithm: 184-187, 
190-193, 198-199 
Division algorithm: 220-233, 
234-236, 240-243 
Factors and products: 252-255 


Fractional numbers in measurement: 10-13, 
24-25, 316-317, 328-329 
Formal introduction to fractional 
numbers: 262-267 : 
Equivalent fractions: 268-279, 
* 284-287, 318-325 ‘ 
Fractions used to compare objects: 282-283 
Lowest terms fractions. 288-289, 328-329 
Concept of fractional numbers: 316-323 
Inequalities: 330-333 
Addition of fractional 
* numbers: 334-335, 340-341 
Fractional names for whole id 
numbers: 336-337 
Mixed numerals: 338-339 


Science: 46-47, 85, 86, 91, 146-147, 
203, 237, 245, 247 
Social Studies: 54-55, 87, 151, 189, 201 
+205, 239, 293, 327, 346 
Measurement: 18-19, 33, 74-75, 77, 93, 143, 
197, 249, 281, 295 
Picture Stories: 120, 140, 188, 196, 200, 243 
Short Stories: 61, 121, 132, 141, 178, 
188, 196, 200, 244, 345 
Miscellaneous: 63, 153, 155, 179, 341 





Estimating length: 8-9 

Estimating perimeter: 14 

Estimating 1000 things: 40-41 

Meaning of estimation: 170-171 

Estimating sums and differences: 172-173 
Estimating products and quotients: 174-177 
Estimation in story problems: 178-179 

Using estimation to find quotients: 224-225, 
228-229, 234-235 


Even and odd numbers: 250-251 
Factors and products: 252-253 
Greatest common factor: 254-255 
Prime numbers: 256-259 


Linear measure: 6-13, 30, 339 
Perimeter: 14-17, 349 

Area: 20-25, 194 

Volume: 26-27, 195 

Liquid measure: 28-29 


Space figures: 98-103, 106-107, 206-207 
Points, angles, lines, line segments: 102-105 
Simple closed curves: 108-109 

Polygons: 110-111 

Symmetry: 112-113, 216-217 

Circles: 208-213 

Congruent figures: 214-217 

Co-ordinate geometry: 296-313 
Transformations: 304-307 

Graphing negative numbers: 312-313 
Maps: 18-19, 293, 317 

Bar graphs: 91, 189, 308-309 

Charts: 346 


Intuitive work with functions: 64, 

144-145, 258 
Intuitive work with number pairs: 262-267 
Distance on maps: 18-19, 156 
Mathematical Activities: 347-355 
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juences: 58-61 

section of sets: 176-179 
nt fractions: 190-195 

r sequences: 212-213, 232 
pairs: 302-319 


\bers: 20-21 
cepts: 22-27 
31, 214-215 
twenerayverroystems other than 
base ten: 32-37 
Fraction numerals: 186-189 
Decimal numerals: 252-257 
Integers: 316-319 


Solving eguations: 40-43, 46-49, 54-57 
Operations related: 44-45 

Inverse relation (+ and —): 50-51 

Basic facts: 52-53 

Basic principles: 62-65 

Estimating sums and differences: 104-109 
Review of addition and subtraction: 114-121 


Solving equations: 40-43, 46-49, 54-57 

Operations related: 44-45 

Inverse relation (X and +): 50-51 

Basic facts: 52-53 

Basic principles: 62-65, 122 

Estimating products and quotients: 98, 
104-109, 155 

Special products and quotients: 100-103 

Multiplying 2- and 3-digit factors: 124-127 

Dividing: 132-147, 156-163 

Money problems: 164-165 


Meaning of fractions: 186-189, 198-199. 
Equivalent fractions: 190-197 
Lowest terms fractions: 200-201 . 
Concept of fractional numbers: 208-213 
Inequalities: 214-217 
Ratio: 218-219 
Addition and subtraction using 

fractions: 226-245 
Fractional numbers in measurement: 246-247 
Decimal numerals: 252-257 
Addition and subtraction using 

decimals: 258-261 
Decimals and the metric system: 262-263 
Multiplication using fractions: 288-291 
Basic principles: 240-241, 292-293 
Division using fractions: 294-296 


Science: 130, 143, 154, 167, 169, 249, 
265, 267, 301 
Social Studies: 113, 120-121, 126-127, 131, 
151, 158-159, 220-221, 225, 251 
Measurement: 104, 107, 108-109, 119, 217 
Picture Stories: 207 
Short Stories: 142, 202, 216, 227, 243, 
245, 297, 299 
Miscellaneous: 43, 14° 
239, 261, 332 


In measurement: 72- 
Story problems: 104, 
Rounding numijers: { 
Estimating sum= diff 

quotients: 98-994 
Estimating to help 

144-147, 155 
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Factors of a nuny 
Factor trees and @ 
Greatest commor 
Least common fp; 
Least common qe 
Modular arithme,' 
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Length: 72-73, 24 
Angle measure: 7 





Areas and perime! » 

Decimals and the 

Volume and surfa 
figures: 276-28 
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Number line: 58-6 
226-229, 289-2 
Points, lines, segm 
Congruent figures: 
Angles: 76-81 
Symmetry: 82-83, 
Perimeter and are 
polygons: 88-93 
Space figures: 26 
Graphing points a 
figures: 302-305 
Relations, translati¢ 
enlargements: 
Tessellations: 314— 
Graphing integers: 
Charts: 120, 121, 2 
Bar and circle grap 
Ratio and scale dra 








dele 



















Functions: 46, 54, 7 
Numeration system 
Average of a set of 
Time, rate, and dists 
Maps: 220-221 | 
Tessellations: 314— 
Negative numbers: ¢ 
Modular (clock) ar’ 
Mathematical Activ? 
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Book Six 


Naming sets: 4-5 

Classifying attribute pieces: 6-11 
Logical reasoning: 10-11 

Patterns: 12-15, 216-217 

Union and intersection of sets: 130-135 
Fractions and sets: 142-145 

Sets of equivalent fractions: 144-145 
Repeating decimal sequences: 248-249 
Sets of ordered pairs: 282, 332 


Symbols for numbers: 18-19 4 

Inequalities: 20-21, 150-153, 214-215, 
228-229, 349 

Billions: 22 

Rounding numbers: 24-25, 234-235 

Exponents and scientific notation: 26-29, 
34, 96-97, 252-253 ,4 

Number bases other than base ten: 30-33, 35 

Decimals and scientific notation: 252-253 

Integers: 340-352 ; 


Review of computation: 36-37, 40-45, 84-89 
Basic principles: 38-39 
Writing and solving equations: 52-53 


Review of multiplication skills: 36-37, 
40-45, 90-97 

Basic principles: 38-39, 50-51 

Special products and quotients: 46-49 

Writing and solving equations: 52-53 

Review of dividing skills: 100-115 

Money problems: 116-117 


Review of fractions: 142-143 
Equivalent fractions: 144-145, 150-151 
Lowest terms fractions: 146-147 
Concept of fractional numbers: 148-149 
Inequalities: 152-153, 214-215, 228-229 
Addition and subtraction of fractional 
numbers: 156-175 
Basic principles: 168-169, 186-187, 192-193 
Mixed numerals and improper 
fractions: 166-177 
Multiplication of fractional numbers: 182-200 
Reciprocals: 194-195 —- 
Division of fractional numbers: 2022211 
Decimal names for fractional 
numbérs 224-227, 248-251 
Basic o tians with decimals: 230-251 
Decimals and ssientific notation: 252-253 
Ratio and percent?>3Q4-327 


Science: 28-29, 94-95, 99, 108-109, 174, 
198-199, 200, 210, 213, 233, 240, 247, 
255, 257, 281, 309, 329 

Social Studies: 24-25, 86-87, 123, 141, 175, 
181, 211, 241, 320-321 

Measurement: 114-115, 173, 219, 

221, 277, 311 

Short Stories: 89, 118, 153, 164, 172, 179, 
191, 209, 218, 223, 232, 246, 307, 317 

Miscellaneous: 37, 53, 107, 117, 119, 121, 
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